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TH  E  name  of  the  Author  of  the  French  Dic- 
tionary, of  which  this  Work  is  a  Tranflation, 
is  not  prefixed  to  it  ^  neverthelels,  it  has  been 
univerfally  attributed  to  Mr.  Macquer,  Profeflbr 
of  Medicine  and  Chemiftry  in  the  Univer.fity  of 
Paris,  and  Member  of  the  Royal  Academy  of 
Sciences,  who  has  very  juitly  acquired  amongft 
Chemifts  a  diftinguiflied  reputation.  Whoever  com- 
pares the  ftile  and  doctrines  of  this  writer,  in  the 
works  to  which  his  name  is  prefixed,  with  thofe  of 
the  prefent  Dictionary,  will  not  hefitate  to  give 
his  aflent  to  the  general  opinion  concerning  the 
author. 

The  Work  itfelf  is  not  by  any  means  unworthy  of 
Mr.  Macquer.  It  contains  a  very  extenfive  know- 
ledge of  chemical  hiftory,  facts,  and  opinions,  and 
exact  defcriptions  of  the  operations  and  inftruments 
of  chemiftry.  The  Phenomena  of  Chemiftry  are 
well  and  fully  explained,  fo  far  as  the  prefent  ftate 
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of  chemical  knowledge  admits.    The  author  hat 

farther  rendered  his  Work  of  very  extenfive  utility, 
as  well  as  curiofity,  by  the- applications  which  he  has 
made  of  Chemiftry  to  Natural  Hiftory,  Medicine, 
Pharmacy,  Metallurgy,  and  all  the  numerous  arts 
and  trades,  the  operations  of  which  depend  on  che- 
mical principles.  In  this  comprehenfive  plan  is  in- 
cluded whatever  relates  to  Chemiftry  ;  and  I  believe 
we  mav  j*uftly  affirm,  that  this  Dictionary  contains 
more  chemical  knowledge  than  any  one  book  extant. 

Some  perfons  may  perhaps  difapprove  of  treating 
Chemiftry  in  an  alphabetical  order.  The  Author 
himfelf  fays  in  an  Advertifement  prefixed  to  this 
Work,  "  that  notwithstanding  the  opinion  of  fome 
"  learned  perfons  who  adviied  him  to  compile  a 
"  Chemical  Dictionary,  he  had  been  doubtful  of  the 
"  propriety  of  that  difpofition  but  that,  upon  far- 
"  ther  reflection,  it  appeared  to  him  lefs  exception- 
"  able,  and  even  to  be  attended  with  fome  peculiar 
"  advantages. " 

We  muft  acknowledge  that  the  form  of  a  Dictiona- 
ry  is  a  very  imperfect  one  for  teaching  a  fcience,  or 
"  knowledge  of  the  relations  of  certain  things  to 
"  each  other."  But  the  Chemiftry  which  is  now 
known  is  fcarcely  entitled  to  the  name  of  fcience,  fo 
defined.  It  is  at  prefen;  little  more  than  a  collection 
of  facts,  the  caufes  of  which,  and  their  relations  to 
each  other,  are  fo  imperfectly  underftood,  that  it  is 
not  yet  very  capable  either  of  the  fynthetic  or  analytic 
modes  of  explanation.  Among  the  advantages  at- 
tending an  alphabetical  difpofition,  the  Author 
mentions,  that  many  articles  have  been  inferted  in  the 
Dictionary,  which  could  not  have  been  introduced 
in  any  other  method.  Hence  we  may  certainly  infer* 
that  the  connexion  of  thefe  with  the  other  parts  of 
Chemiftry  was  not  perceptible,  and  conftquently 
that  Chemiftry  is  incapable  of  a  more  fyftematical 
arrangement.    In  this  ftate  of  knowledge,  no  kind 
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of  book  feems  to  be  more  defirable  than  a  Dictionary 
with  references  to  connected  articles,  in  which  the 
feveral  parts  of  Chemiftry  are  treated  feparately, 
and  fo  diipofed,  th.it  any  article,  concerning  which 
information  may  be  wanted,  may  be  eafily  found, 
and  in  which  every  thing  relating  to  Chemiilry  may 
be  inferted. 

When  our  knowledge  mail  be  greatly  extended,  a 
more  perfect  arrangement  may  be  admitted.  And 
now,  fince  Chemiftry  is  delivered  from  the  obfcure 
jargon  of  alchemifts,  and  from  the  narrow  limits  of 
one  profeffion,  namely,  the  medical,  from  which  it 
has  received  much  of  its  advancement ;  fince  it  is 
now  jufrly  confidered  as  one  of  the  mod  important 
branches  of  natural  philofophy  ;  fince  it  has  become 
a  more  general  object  of  ftudy,  and  has  lately  been 
fuccefsf ully  cultivated  at  home,  but  efpecially  abroad, 
by  perfons  who  employ  the  advantages  attending 
rank,  opulence,  leilure,  and  philofophical  minds,  to 
the  acquifition  of  knowledge,  and  improvement  of 
ufeful  arts ;  we  may  hope,  that  the  number  of  che- 
mical  facts   may  be  daily  encreafed ;   that  thofe 
difcovered  may  be  farther  ascertained  and  illuftrated; 
and  that  fame  perfon  of  eminently  perfpicuous  genius 
may  unfold  the  laws  and  caufes  of  chemical  combi- 
nation and  analyfis,  collect  and  methodize  the  fcat- 
tered  facts,  and  form  the  feveral  parts  of  Chemiftry 
into  one  regular,  connected  fcience. 

The  merit  of  the  original  Dictionary  is  fufficient- 
ly  evinced  by  the  very  favourable  reception  it  has 
met  with,  and  the  high  estimation  in  which  it  is 
held,  by  Chemifts  in  all  parts  of  Europe.  But  in  a 
fubject  perhaps  too  extenfive  for  the  labours  of  One 
Man,  feveral  articles  have  been  emitted  which  de- 
ierve  a  place  in  a  work  that  has  lb  ample  a  title  as  the 
prefent.  Some  of  thefe  I  have  endeavoured  to  fupply 
by  additional  Notes.  Eut  the  mod  material  defect 
arifes  from  the  Author  not  having  been  acquainted, 
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at  the  time  of  publication,  with  fome  late  difcoveries 
concerning  thofe  permanently  elaftic  fluids,  called 
Factitious  or  Fix  able  Airs,  or  Gafes,  which  have  been 
made  by  Dr.  Black,  Dr.  Macbride,  and  Mr.  Caven- 
difh,  and  which  have  thrown  much  light  on  a  great 
many  chemical  phenomena.  This  deficiency  I 
endeavoured  to  iupply,  in  the  firft  Edition,  by 
adding  an  article  on  Fixable  Air,  and  feveral  occa- 
fional  notes.  But  fince  the  publication  of  that 
edition,  this  branch  of  experimental  Philofophy  has 
been  fo  fuccefsfully  cultivated  by  Dr.  Prieftley, 
M.  Lavoi/ier,  and  others,  that  I  found  myfelf 
obliged  to  revife  the  fubject,  #  and  to  make  large 
additions.  I  have  accordingly  now  fubjoined,  as 
an  Appendix,  A  Treatife  on  the  various  kinds  of  per- 
manently elaftic  Fluids,  or  Gafes ;  in  which  1  have 
collected  and  digefted  all  the  principal  obfervations 
and  difcoveries  which  have  been  made  concerning 
thefe  fluids.  And  I  hope  this  will  not  be  an 
unacceptable  part  of  the  prefent  Publication ;  as 
no  attempt  has  been  hitherto  made  to  arrange  all 
the  knowledge  we  have  acquired  on  this  curious 
and  important  fubject,  which  at  this  time  engages 
the  attention  of  Philofophers  in  many  parts  of 
Europe. 

A  knowledge  of  the  forms  of  chemical  inftruments 
being  effentially  neceflary,  and  not  being  capable  of 
being  well  communicated  merely  by  defcriptions, 
Plates  are  therefore  added  to  this  Tranflation. 

Thus  I  have  endeavoured  to  render  the  Dictionary 
of  Chemiftry  more  extenfively  ufeful  than  it  is  even 
i  a  the  excellent  original.  If  I  have  attained  this  pur- 
pofe,  I  hope  that  thefe  volumes  may  be  confidered 
as  a  Work,  from  which  Students  of  Chemiftry  may 
be  taught  the  feveral  parts  of  this  ufeful  Science ; 
' Naturalifts  may  acquire  a  knowledge  of  the  pro- 
perties of  thofe  bodies  which  they  are  fo  curious 
to  difcover,  and  to  diltinguim;  perfons  occupied 
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&i  the  numerous  Arts  and  Manufactures  dependent 
on  Chemiftry,  may  learn  the  principles  on  which 
their  feveral  operations  are  founded,  and  be  thereby 
enabled  to  improve  and  extend  them ;  and  laftly, 
from  which,  as  from  a  Repofitory  of  Chemical 
Knowledge,  Philofophical  Chemifts  may  collect  the 
facts  and  opinions  already  publiihed,  and  thence 
may  be  aflifted  to  conduct  their  experiments,  and 
to  form  their  reafonings  for  the  farther  advancement 
of  Chemiftry. 


ADVERTISEMENT. 

J[/[d  N  Y  good  T reatifes  have  been  publifhed  on 
Chemiftry,  fence  that  Science. has  been  cultivated 
as  a  fundamental  and  effential  part  of  Natural  Philo- 
fophy.  But  none  of  thcfe  publications  have  the  form 
of  a  Dictionary.  Such  a  work,  however,  has  been 
thought  fo  deferable  by  fome  men  of  learning  and 
tafte  for  Chemical  ftudies,  that  they  have  advifed  me 
to  undertake  it.  I  confefs,  that  at  firft  I  did  not  much 
approve  of  their  prop  of al,  as  I  thought  that  the  con- 
nexion and  mutual  dependance  of  the  parts  ofChemiftry 
rendered  this  fcience  incapable  of  being  treated  with 
propriety  in  an  alphabetical  order.  But  on  further 
confederation,  and  as  I  advanced  in  the  execution  of 
the  work,  T perceived  that  the  form  of  a  Dictionary 
was  lefs  imperfect,  and  even  much  more  advantageous, 
than  it  feems  to  fome  men  of  learning. 

The  alphabetical  arrangement  does  indeed  feem  to 
interrupt  and  difconcert  the  regularity  of  plan  and 
fyftem,  with  which  a  fcience  ought  to  be  treated. 
But  this  fault  may  be  remedied  ( as  indeed  it  is  in  this 
work,  and  other  good  Dictionaries  of  Sciences  already 
publijhed)  by  references  to  correfponding  articles-,  and 
the  connexion  may,  by  this  means,  be  rejlored.  Be- 
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fides  9  this  apparent  want  of  order  allows  the  readers 
to  form  fuch  plans  to  themf elves  as  they  may  judge 
proper ;  and  they  may  poffibly  make  a  better  choice 
than  the  Author  would  have  done. 

Another  advantage  attends  the  treating  of  a  fcienct 
in  an  alphabetical  order.  Names  of  a  great  number 
cf  things  occur  under  their  refpeclive  initial  letters^ 
which  would  be  omitted,  in  any  other  method :  and 
thus  the  fcience  is  rendered  in  many  refpecls  more 
(ompleat  and  extenjive. 

I  have  only  to  add,  that  the  readers  of  this  work 
will  eajily  perceive,  that  it  is  not  a  mere  vocabulary , 
cr  diclionary  of  definitions  but  rather  a  number  of 
differ  tations,  generally  full  and  extenjive,  on  all  the 
important  objecls  of  Chemiftry,  written  with  a  defign 
to  accomplifh  all  thofe  intentions  propofed  in  the  titk* 
page. 
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ORIGIN  and  PROGRESS 

O  F 

CHEMISTRY. 


AS  the  Hiftory  of  any  Science  ought  to  relate 
the  labours,  the  difcoveries,  and  the  errors  of 
the  cultivators  of  that  Science ;  and  to  fhew  the  ob- 
ftacles  which  they  have  been  obliged  to  furmount, 
and  the  m'ftaken  paths  into  which  they  have  fome- 
times  been  mifled  ;  it  cannot  therefore  fail  of  being 
very  ufeful  to  perfons  engaged  in  the  fame  purfuits. 
This  confideration  has  induced  us  to  give  the  fol- 
lowing abridged  Hiftory  of  Chemiftry.  But  that 
we  may  not  repeat  what  fome  excellent  authors  have 
already  copioufly  and  accurately  delivered,  we  mail 
here  treat  no  further  concerning  the  particular 
Hiftory  of  Chemifts,  than  as  it  tends  to  illuftrate 
the  general  Hiftory  of  Chemiftry.  Our  intention 
is,  to  mew  the  feveral  ftates  in  which  this  Science 
has  appeared ;  the  revolutions  it  has  undergone,  and 
the  circumftances  which  have  favoured  or  retard- 
ed its  progrefs  ;  in  a  word,  we  mean  to  difplay  a 
fummary  picture  or  reprefentation  of  Chemiftry  in 
different  periods,  from  its  origin  to  the  prefent 
time. 

Moft  authors  who  have  written  Hiftories  of  Che- 
miftry, have  deduced  its  origin  from  the  higheft  an- 
tiquity. 
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tiquity.  They  extend  their  refearches  into  the  firft 
ages  of  the  world,  and  pretend  to  difcover  ante- 
diluvian chemifts.  But,  like  all  the  hiftorians  who 
have  attempted  to  penetrate  through  the  obfcurity 
of  theie  remote  ages,  they  have  found  nothing  but 
fable,  prodigy,  and  uncertainty. 

We  do  not  now  live  in  thofe  ages  of  credulity,  when 
it  could  be  with  gravity  maintained,  and  fupported  by 
the  authority  of  apocryphal  books,  that  angels  and  de- 
mons, fmitten  with  love  of  women,  difclofed  to  them 
the  fublimelt  parts  of  Sci-nces,  and  the  profoundeil 
fecrets  of  Chemiitry  that  the  book  containing  thele 
fecrets  was  called  Kema,  from  which  Chemiilry  de- 
rived its  name  ;  befides  a  thoufand  other  reveries  of 
the  fame  kind  with. the  preceding,  which  are  not 
worthy  to  be  mentioned  (a)  Ail  that  can  be  truly 
and  reafjnably  faid  on  thh  fubjecl,  in,  that  the  in- 
vention of  feveral  arts  which  depend  on  Chemifrry, 
and  are  mo  ft  neceiTary  to  men,  is  of  the  moft  remote 
antiquity.  The  .Sacred  Scriptures  mention  that  Tu- 
bal-cain,  who  lived  before  the  Flood,  made  inftru- 
ments  of  copper,  and  of  iron.  This  Tubal-cain  is 
believed  to  be  the  fame  perfon  whom  the  Heathen 
Mythclogy  afterwards  admitted  amongft  the  gods 
by  the  name  of  Vulcan. 

Thefe  hiftorical  traces  have  mz&zTitbal-cain  be 
generally  confidered  as  the  iirft  chemift :  a  title, 
which  ought  to  be  granted  to  him  with  refpect  to 
that  kind  of  Chemiftry  only  which  is  practifed,  not 
as  a  fcience,  but  as  an  art,  or  a  trade. 

(a)  The  author  of  A  Ccurfe  of  Chemifry,  who  follows  the 
principles  of  Newton  and  of  Stabl,  and  is  t.,e  firft  of 'our  writers 
who  have  confidered  this  Science  in  a  manner  truly  philoso- 
phical, has  ridiculed  with  as  much  wit  as  juftice  thele  abfurdi- 
ties,  in  an  hiftorical  difcourfe  prefixed  to  his  work;  where  the 
eleean^e  of  the  Mile  is  fuitable  to  the  importance  which  this 
learned  author  has  given  to  his  fubject.  [Note  of  the  Author.} 
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No  doubts  will  remain  on  this  point,  if  we  re- 
flect: on  the  nature  and  progrels  of  the  human  mind. 
For,  what  we  call  Science  is  the  ftudy  and  know- 
ledge of  the  relations  which  fubfift  betwixt  certain 
faffs,  which  necefiarily  muft  be  fuppofed  to  have 
been  previoufly  difcovered.  But  the  difcovery  of 
thefe  fads  mult  have  been  effcfted  merely  by  the  de- 
fire  of  gratifying  the  fenfes.  For  the  moil  active 
and  penetrating  mind  could  have  done  little,  in 
comparifon  with  the  internal  perception  of  a  craving 
want,  which  muft  be  obeyed.  If  it  had  not  been 
for  the  pleafing  and  painful  imprefiions  excited  in 
us  by  furrounding  objects,  we  mould  have  remained 
ignorant  of  their  moft  common  properties.  Chance 
at  firft  difcovered  fome  of  thefe  properties  ;  and  felf- 
love,  from  which  arifes  an  inftinit  more  clear-fight- 
ed  than  reafon  itfelf,  applied  them  to  ufe.  The  firft 
men  therefore  being  neceftitous,  muft  for  that  reafon 
have  been  the  43rfi  artifts.  They  feized  on  the  be- 
ginnings of  the  arts  by  a  natural  effort,  very  differ- 
ent from  that  improved  reafon ing,  which  alone  can 
give  birth  to  Science,  and  which  requires  the  fpacc 
of  feveral  fucceeding  ages  for  its  formation  and  per- 
fection. We  may  then  conclude  that  the  patriarch 
Tubal-cain  did  no  better  deferve  the  name  or  (  bemift^ 
than  our  founders  and  blackfmiths.  This  conclu- 
lion  is  conformable  with  the  text  of  Scripture, 
where  he  is  called  only,  malkator  and  faber  ;  which 
is  to  fay,  that  he  was  no  more  than  a  mere  artdt, 
as  all  thofe  primeval  men  were,  who  acquired  more 
knowledge  than  their  cotemporaries. 

The  idea  which  we  here  give  of  the  original  in- 
ventors of  arts  ought  not  to  diminifti  the  glory  due 
to  them.  For,  as  the  human  underftanding  was 
then  in  its  infancy,  and  as  the  Sciences  did  not  yet 
exift,  thefe  inventors  did  all  which  they  could  poffi- 
bly  do.  Although  they  were  fimple  and  rude 
workmen,  yet  they  ought  to  be ,  regarded  as  the 
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greateft  geniufes  of  their  age.  For  the  ftrength  and 
extent  of  the  underftanding  of  men  are  lefs  the 
work  of  nature,  than  of  the  time  and  of  the  coun- 
try where  chance  has  placed  them.  If  Stahl  had 
lived  before  the  Deluge,  all  the  effort  of  that  ge- 
nius which  unfolded  the  myfteries  of  nature  by 
means  of  the  mod  fubiime  Chemiftry,  would  pro- 
bably have  been  reduced  to  invent  the  method  of 
forging  an  ax  ;  and  alfo  the  great  Newton,  who  could 
meafure  the  univerfe,  and  calculate  infinites,  might 
perhaps  have  exhaufted  the  whole  force  of  his  mind 
in  reckoning  fo  far  as  the  number  ten,  if  he  had 
been  born  among  thofe  American  nations  whofe 
beft  arithmeticians  cannot  exceed  three.  Let  me 
therefore  repeat  it ;  the  firfl  perfon  who  forged  iron, 
or  caft  brafs,  although  lefs  expert  than  our  meaneft 
artifts,  was  notwithstanding  a  great  man,  and  no 
lefs  deferving  our  eulogiums  than  the  moft  lkilful 
and  profound  Chemift. 

It  has  happened  to  Chemiftry,  as  to  the  other 
arts.  Before  the  invention  of  letters,  an  apprentice 
could  only  practife  what  he  had  learnt  from  his 
mailer  by  oral  tradition  and  he  in  the  fame  man  • 
ner  tranfmitted  his  knowledge  to  his  fuccefTor,  like 
our  prefent  workmen,  who  write  nothing,  although 
the  art  of  writing  has  been  fo  long  known.  .  The 
moft  excellent  art  of  writing  was,  like  moft  others, 
difcovered  by  the  ancient  Egyptians  ;  and  to  this 
happy  era  may  be  truly  referred  the  increafe  of  hu- 
man knowledge,  and  the  birth  of  Science.  Then, 
a  real  diftmction  appeared  betwixt  philofophers  and 
artifts.  The  latter  proceeded  in  an  uniform  courfe, 
and  confined  themfelves  to  practice  whereas  the 
former  carefully  collected  all  the  knowledge  which 
could  extend  or  adorn  the  human  mind,  made  it 
the  object  of  their  refearches,  encreafed  it  by  me^ 
ditation  and  reafoning,  reduced  it  by  writing  into 
order,  communicated  it  to  each  other,  and,  in  a 
5  word, 
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word,  laid  the  foundation  of  philofophy.  Thefe 
illuftrious  men  were  the  priefts  and  the  kings  of  a 
people  who  had  wifdom  enough  to  refpect,  and 
were  therefore  worthy  to  be  governed  by,  fuch 
matters. 

Amongft  thefe  royal  philofophers,  Siphoas  is  con- 
fidered  by  Chemifts  as  the  founder  of  their  Science. 
He  lived,  as  it  is  believed,  more  than  1900  years 
before  the  Chriftian  era.  The  Greeks,  who  receiv- 
ed the  Sciences  from  the  Egyptians,  knew  him  by 
the  name  of  Hertnes,  or  Mercurius  Trifmegiftus.  So 
numerous  is  the  lift  recorded  by  Clemens  Alexan- 
drinus  of  this  ancient  philofopher's  works,  (none 
of  which  remain)  that,  in  his  time,  confiderable 
progrefs  mult  have  been  made  in  the  Sciences.  Yet 
among  all  that  lift  not  one  treatife  is  profefTedly 
written  on  Chemiftry,  although  we  find  fome  on 
every  other  Science,  excepting  that  one,  which  has 
received  from  him  the  name  of  Hermetic  Philofophy. 
In  the  library  at  Leyden  fome  Arabian  manuicripts, 
faid  to  have  been  written  by  Hermes,  are  more  di- 
rectly on  the  fubject  of  Chemiftry.  Such,  for  in- 
Itance,  as  that  manufcript  concerning  pohbns  and 
antidotes,  and  another  concerning  precious  ftones. 
But  thefe  compofitions  are  juftly  confidered  as  fpu- 
rious,  and  lefs  ancient,  (b)    Probably,  therefore,  all 

the 

(b)  Two  illuftrious  Egyptians  of  the  name  of  Hermes  are  re- 
corded by  ancient  authors.  The  elder,  who  is  fuppofed  to  be 
the  fame  as  Mizraim,  the  grandfon  of  Noah,  the  Hermes  of  the 
Greeks,  and  the  Mercury  of  the  Romans,  is  confidered  as  the 
founder  of  the  Sciences.  And,  the  younger  Hermes,  furnamed 
Trifmegijiusy  who  lived  a  thousand  years  afterwards,  reftored  the 
Sciences,  afcer  they  had  failen  into  oblivion  in  confequence  of. a 
great  inundation  of  the  Nile.  <jf  his  numerous  works  none  re- 
mains, excepting  p.rhaps  the  Smaragdine  Table.  No  lefs  than 
thirty-fix  thoufmd  books  are  laid  to  have  been  written  under  the 
name  of  Hermes.  But  all  thefe  are  not  to  be  attributed  to  him. 
For,  according  to  Jamblidius,  a  culiom  prevailed  of  fubferibing 

all 
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the  Chemiftry  known  in  the  time  of  Hermes  con- 
fided of  detached  pieces  of  knowledge,  the  rela- 
tions of  which  were  undifcovered,  and  which 
therefore  could  not  form  a  Science ;  although,  at 
that  time,  Aftronomy,  Ethics,  and  fome  other 
Sciences  had  made  considerable  progrefs,  as  is 
evinced  by  the  enumeration  of  the  books  of  Hermes. 
We  mail  be  lefs  furprized  at  this  obfervation,  when 
we  conder  that  fome  of  the  moft  important  phe- 
nomena of  Chemiftry  are  very  little  obvious  to  our 
fenfes.  Hidden  as  they  are  by  nature  under  a  veil, 
like  the  fprings  of  fome  precious  machine,  they  are 
difcoverable  by  thofe  only  who  know  to  fearch  for 
them,  and  by  eyes  exercifed  in  that  fearch.  If  feme 
of  thefe  fingular  and  remarkable  phenomena  have 
been  ever  difcovered  by  accident,  they  could  only 
appear  to  thefe  early  philofophers  as  detached  facts, 
the  application  and  ufes  of  which  could  not  be 
perceived,  becaufe  many  other  facts,  efTentially  re- 
lated to  thofe  difcovered,  were  unknown. 

Thefe  firft  Chemifts,  therefore,  had  no  other  re- 
source than  to  collect  the  phenomena  which  came 
within  their  knowledge.  Thefe  they  might  repro- 
duce at  pleafure,  either  for  ufe,  or  to  excite  the 
aftonimment  of  the  ignorant. 

Such,  without  doubt,  was  the  Chemiftry  of  the 
firft  inventors  of  the  Sciences  •,  and  fuch  was  the 
Chemiftry  which  was  taught  to  Mofes^  "  inftructed," 
as  the  Scriptures  fay,  c*  in  the  wifdom  of  the  Egyp- 
**  tians and  which  was  afterwards  taught  to  De- 
mocritus,  who  went  to  Egypt  on  purpofe  to  learn 


all  books  of  Science  with  the  name  of  Hermes.  Some  of  thefe 
are  preferved  in  great  libraries ;  and  a  book,  entitled,  7 he 
Works  of  H  rmes,  was  published  at  Venice,  in  Greek  and  L3tin, 
15^1,  and  at  .  ologne,  1620,  with  notes  by  Annibal  Rofellius. 
Some  authors  deny  the  exigence  of  Hermes,  and  maintain  that 
his  hiftory  is  allegorical.  See  Dejlandes  Hifiuire  Critique  de  la 
Pbilo/spbie,  Tom.  I.  Livre  1.  ch.  6. 

the 
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the  Sciences  at  their  place  of  origin.  Both  of  thefe 
have  been  numbered  among  Chemifts :  the  former, 
becaufe  he  diiTolved  the  golden  calf,  and  rendered 
it  potable  by  the  Ifraelites  :  the  latter,  from  the 
teftimony  of  many  ancient  authors,  and  particular- 
ly of  Pliny  the  Naturalift,  who  afcribes  to  Demo- 
critus  a  knowledge  alfo  of  the  magic  arts  (c) 

Although  we  have  advanced  but  little  in  the 
Hiftory  of  Chemiftry,  we  cannot  proceed  without 
mentioning  a  fingular  madnefs  which  poiTefted  Che- 
mifts. It  was  a  kind  of  epidemic  malady,  the 
fymptoms  of  which  mewed  to  what  excefs  of  folly 
the  human  mind  could  proceed,  when  influenced 
by  a  ftrong  prepofteiTion.  It  excited  chemifts  to 
furprifing  efforts,  by  which  admirable  difcoveries 
were  made ;  but  it  never thelefs  impeded  the  ad- 
vancement of  Chemiftry.  Finally,  the  time  when 
this  malady  began  to  be  cured,  which  was  not 
fooner  than  the  laft  century,  is  the  true  era  of  the 
revival  of  this  Science,  and  of  its  progrefs  to  per* 
fection. 

It  is  evident,  that  I  mean  the  paffion  for  making 
gold.  From  the  time  that  this  metal  has  become, 
by  general  convention,  the  reprefentative  of  the  va- 
lue of  all  commodities,  it  has  kindled  a  frelh  fire 
in  the  furnaces  of  Chemifts.  It  appeared  natural 
enough  that  men  fkilled  in  the  properties  of  metals, 
and  accuftomed  to  fee  them  take  a  thoufand  va- 
rious forms,  mould  endeavour  to  produce  the  mod 
beautiful  and  the  moft  precious  of  all  thefe  metals. 
The.  wonders  which  they  every  day  faw  arife  from 
their  art,  made  them  conceive  hopes  of  adding  this 

( c)  Of  all  the  Greeks  who  travelled  into  Egypt  to  acquire 
knowledge,  Democritus  only  was  admitted  into  their  myfteries. 
None  of  thefe  writings  are  preferred.  The  Egyptian  priefts  are 
faid  to  have  taught  him  many  chemical  operations  ;  amongil 
which  were  the  the  arts  of  foftening  ivory,  of  vitrifying  flints, 
and  of  imitating  precioui  Hones.    01.  Borricb.  Senet.  Bfift.  30. 

b  new 
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new  prodigy  to  thofe  which  they  had  already  ef- 
fected. They  were  at  that  time  far  from  being  ca- 
pable of  judging  concerning  the  poflibility  of  their 
undertaking-,  fince  even  now  that  queftion  is  un- 
decided. To  blame  their  firft  trials  would  be 
therefore  unjuft.  But  unfortunately  this  new  ob- 
ject of  their  refearches,  was  but  too  capable  of 
producing  a  ftate  of  mind  very  different  from  the 
philofophical  :  it  fo  engroffed  their  attention,  that 
they  loft  fight  of  other  objects :  they  imagined 
that  to  be  the  ultimate  end  and  perfection  of  Che- 
miftry,  which  in  reality  was  only  the  folution  of 
one  chemical  problem  :  their  Science,  far  from 
being  more  extenfive,  was  concentrated  round  a 
fmgle  point ;  to  accomplish  which  they  directed 
their  labors.  The  defire  of  gain  became  their  mo- 
tive of  action  :  they  were  clofe  and  myfterious  :  in 
a  word,  they  had  the  character  of  tradefmen  ;  and 
if  they  had  fucceeded,  they  would  have  been  mere 
makers  of  gold,  inftead  of  being  intelligent  and 
ikilful  Chemifts.  But,  unfortunately  for  them,  the 
trade  at  which  they  labored  exifted  only  in  their 
imaginations.  This  circumftance,  however,  by 
which  they  were  deprived  of  a  conftant  gain,  diftin- 
guifhed  them  from,  other  artifts,  and  rendered 
their  fituation  fomewhat  fimilar  to  men  of  fcience. 
They  therefore  availed  themfelves  of  this  fimilarity, 
and  arrogated  the  titles  of  Philofophers  and  of  Che- 
mifts, in  prefereHce  to  all  others ;  as  is  expreffed  by  the 
Arabic  particle  which  they  added  to  the  name  of 
their  fcience  ;  whence  the  words  Alchemy  and  Al- 
chemift,  fignifying  The  Chemiftry,  and  The  Chemift. 

Thefe  men  were  therefore  an  intermediate  fpecies 
between  philofophers  and  artifts.  They  had  the 
name  of  the  former,  the  character  of  the  latter,  and 
were  indeed  neither  the  one  nor  the  other.  In  or- 
der to  fuppoft  their  reputation,  they  wrote  books, 
like  the  philofophers,  on  their  pretended  fcience: 

but 
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but  as  chara&er  is  never  to  be  effaced,  they 
wrote  thefe  books  fo  obfcurely  and  unintelligibly, 
that  they  gave  no  more  inftruclion  concerning  their 
art  than  if  they  had  not  written.  Several  of  them 
feem  fenfible  of  the  reproach  to  which  they  are 
juftly  fubject  in  this  refpect,  and  (endeavour  to  excite 
attention  by  declaring  at  the  beginning  of*  their 
books,  that  they  mean  to  fpeak  clearly  and  plain- 
ly -9  which,  however,  they  take  care  not  to  do.  It 
is  lbmething  fingular  to  fee  them,  after  having  for- 
mally promifed  to  reveal  the  moft  hidden  fecrets, 
exprefs  themfelves  more  obfcurely  than  any  of  their 
predeceftbrs. 

We  may  eafily  judge  what  confideration  thefe 
people  were  held  in,  who  did  nothing,  and  taught 
nothing  :  hence  their  hiftory  is  as  obfcure  and  con- 
fufed  as  their  writings.  We  do  not  even  know  the 
true  names  of  moft  of  them,  the  time  when  they 
lived,  or  whether  the  books  attributed  to  them  be 
genuine  or  fpurious.  In  a  word,  every  thing  con- 
cerning them  is  involved  in  myftery. 

We  mall  not  then  enter  into  a  detail  about  Syne- 
ftus,  ZofimuS)  Adfar,  Morienus,  Calid,  Amoldus  de 
Villa  Nova^  Raymond  Lully^  Alanus  Lillius^  Johannes 
MenniuSy  and  num'oerlels  writers,  or  pretended  phi- 
lofophers,  the  enumeration  or.  whofe  names  would 
be  tedious  :  but  we  mall  haften  over  this  middle  age 
of  Chemiftry,  which  is  the  moft  obfcure  and  the 
moft  humiliating  part  of  its  hiftory.  Thofe  who 
are  defirous  of  knowing  what  is  related  concerning 
the  Chemiftry  of  thefe  times,  true  or  falfe,  may 
confult  the  works  of  Borrichius,  and  the  Hiftory  of 
the  Hermetic  Philofophy  by  the  Abbe  Langlet  de 
Frefnoy. 

We  (hall  content  ourfelves  with  obferviner,  that 
in  this  crowd  of  alchemical  and  unintelligible 
writers,  there  are  a  few  who  have  expreffed  them- 
felves lefs  obfcurely  on  certain  experiments,  and 

b  2  have 
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have  given  fome  intelligence.  Such  perhaps  are 
Geber,  the  Arabian ;  Roger  Bacon,  an  Englilh 
Monk,  who  appears  to  have  known  gun-powder, 
and  who  was  accuied  of  magic  ;  Raymond  Lully, 
Bafil  Valentine i  and  Ifaaeus  Hollandus,  in  whofe 
writings  fomething  may  be  decyphered  concerning 
acid  fpirits,  antimony,  and  perhaps  other  fub- 
ftances. 

Thefe  valuable  hints,  which  lie  fmothered  under 
a  heap  of  riddles^  are  fufficient  to  make  us  regret, 
that  thefe  laborious  fearchers  into  the  philofopher's 
ftone  have  neglected  to  inform  us  of  other  pieces 
of  knowledge,  becaufe  they  were  not  immediately 
related  to  their  object  of  inquiry.  The  moft  ef- 
fential  fervice  which  they  could  have  rendered  to 
Chemiftry  was,  to  relate  their  unfuccefsful  expe- 
riments as  clearly,  as  they  have  obfcurely  related 
thofe  which  they  pretend  to  have  been  fuccefsful. 

Such  was  the  ftate  of  Chemiftry,  or  rather  of 
Alchemy,  till  the  fixteenth  century.  At  that  pe- 
riod, a  famous  Alchemift,  called  Paracelfus,  a.  man 
of  quick  parts,  extravagant,  and  impetuous,  added 
a  new  fpecies  of  folly  to  the  follies  of  his  prede- 
cefibrs.  Being  the  fon  of  a  phyfician,  and  himfelf 
a  phyfician,  he  imagined,  that  by  Alchemy  an 
univerfal  medicine  might  be  difcovered.  While  he: 
was  boafting,  that  he  pofTefled  the  fecret  of  pro- 
longing his  life  to  the  age  of  Methufalem,  he  died 
at  the  age  of  only  forty-eight  years.  Before  him 
indeed  Raymond  Lully,  and  other  Alchemifts,  had 
dreamed  of  an  univerfal  medicine;  but  this  fa- 
mous chimera  owed  its  credit  chiefly  to  the  eager- 
fiefs  and  confidence  of  Paracelfus. 

This  notion,  abfurd  as  it  was,  gained  many  par- 
tifans,  and  gave  double  force  to  the  madnefs  of 
Alchemifts  fo  apt  are  men  to  believe  what  they 
wifh  to  be  true  !  Our  philofophers,  without  lay- 
ing afide  their  former  inquiries  into  the  tranfmuta- 
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tion  of  metals,  and  the  making  of  gold,  vied  with 
each  other  in  cagernefs  to  difcover  the  urviverfal 
remedy  and  perfuaded  themfelves,  that  thefe  fe- 
veral  miracles  might  be  effected  by  one  chemical 
procefs.  Many  of  them  boafted  that  their  attempts 
had  fucceeded,  and  {tiled  themfelves  Adepts.  Their 
books  were  now  filled  with  receipts  for  making 
potable  gold,  elixirs  of  life,  panaceas  or  univerfal 
remedies ;  but  were  written  in  their  ufual,  that  is 
to  fay,  unintelligible  language. 

So  many  accumulated  extravagancies  had  reru 
dered  Chemiftry  a  pretended  fcience,  or,  ^s  M. 
Fontenelle  ingeniously  fays,  "  a  little  truth  was  fo 
"  diluted  in  a  large  quantity  of  faifhocd,  that  it 
"  became  invifible  and  infeparable.  To  the  few 
•*  known  properties  of  fubftances  their  imaginations 
"  added  others  more  dazzling.  Metals  were  fup- 
"  poled  to  fympathife  with  planets,,  and  with  the 
*c  principal  parts  of  the  human  body :  an  alkaheft, 
"  or  menftruum,  which  had  never  been  feen,  was 
"  fuppofed  to  be  capable  of  dilfolving  all  fub- 
"  fiances  :  the  greater!  abfurdities  were  reverenced, 
"  becaufc  they  were  enveloped  in  myfrerious  da*rk^ 
*6  nefs,  in  which  they  were  entrenched  againft  the 
"  attacks  of  reafon," 

The  notion  of  an  univerfal  remedy,  although  the 
molt  foolifh  that:  had  entered  the  heads  of  Alche- 
mifts,  was  however  the  caufe  of  the  eftablilfiment, 
of  rational  Chemiltry  on  the  ruins  of  Alchemy. 

The  fiery  and  enterprifing  Par^ce'fus  had  ventured 
to  ftrike  out  a  new  road  in  the  art  of  healing.  He 
declaimed  incelfantly  againft  the  ancient  pharmacy, 
in  which  were  few  or  no  Chemical  remedies ;  and  ia 
a  fit  of  madnefs  he  publickly  burnt  the  writings  of 
the  ancient  Greek  and  Arabian  phyficians^  vaunting, 
at-  the  fame  time,  that  by  his  Chemical  preparL 
tions  he  could  beftow  immortality.  His  fuccefs, 
although  inferior  to  his  promifes,  was  however  pro- 

b  3  digioys. 
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digious.  fie  made  many  furprifing  cures ;  and  he 
applied,  with  great  advantage,  mercurial  prepara- 
tions againfl  the  venereal  difeafe,  which  appeared 
about  that  time,  and  baffled  the  remedies  of  ordinary 
pharmacy. 

The  real  merit  of  Paracelfus  excited  many  envious 
fcnemies  ;  and  the  enthufiafm  and  foolifh  vanity  with 
which  he  blazoned  his  fkill,  excited  the  admiration 
of  others  ftill  more  foolifh. 

Thofe  phyficians  who  had  good  fenfe  enough  to 
avoid  thefe  extremes,  took  the  middle  and  wifeft 
part.  They  were  perfuaded,  that  much  dependance 
was  not  to  be  given  to  the  fayings  of  a  man  who  was 
foolifli  enough  to  defpife  the  knowledge  of  all  others, 
and  to  continually  boaft  of  his  own  difcoveries,  and 
therefore  would  not,  like  the  mad  partifans  of  Para- 
celfus,  give  implicit  faith  to  his  extravagant  after- 
tions.  But,  on  the  other  fide,  they  were  convinced 
by  his  fuccefsful  cures,  that  Chermltry  could  furnifh 
excellent  remedies,  unknown  before  that  time;  and, 
like  good  citizens,  they  endeavoured  to  difcover 
thofe  remedies  by  an  induftry  worthy  of  praife,  iincc 
their  motive  was  the  good  of  mankind.  They  were, 
to  fpeak  properly,  the  inventors  of  a  new  Chemical 
art,  the  object  of  which  was  the  preparation  of 
medicines.  They  wrote  what  they  knew  concerning 
their  art,  becaufe  they  were  not  mere  artifts  $  and 
they  wrote  clearly,  becaufe  they  were  not  Alche- 
mills. 

There  were  then  two  claries  of  Chemifts,  very  dif- 
ferent from  each  other. 

While  the  Roficrufian  fraternity,  Cofmopolitanus^ 
Efpagmt,  Beaufoleil,  Philakthes,  and  many  others, 
loft  their  time,  their  trouble,  and  their  money,  in 
profecuting  the  foolifh  notions  of  Paracelfus  many 
valuable  works  were  publifhed  by  Crollius,  Quer- 
cetanus,  Beguinus,  Hartmannus,  Vigani,  Schroder,  Zwel- 
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fer,  T ache?:ius,  Le  Fevre,  Glafer,  Ltmeri,  Le  Mort, 
Ludovicus,  and  many  others,  who  applied  themfelves 
to  difcover  and  deicribe  new  Chemical  remedies. 

1  he  principal  Faculties  of  Medicine,  perceiving 
how  important  it  was  that  remedies  mould  always  be 
prepared  in  one  uniform  manner,  endeavoured  to  fix 
and  eftablifh  the  procelTes :  hence  the  many  Phar- 
macopeias and  Difpenfatories,  in  which  many  excellent 
Chemical  operations  are  defcribed. 

The  greater!:  part  of  thofe  Chemical  arts  which  are 
exercifed  without  literary  ftudy,  had,  in  the  days  of 
Paracelfns,  arrived  to  a  remarkable  perfection,  by 
a  progrefs,  flow  indeed,  but  long,  and  unin- 
terrupted from  almoft  the  beginning  of  the  world. 
Ores  of  metals  were  then  advantageoufly  efTayed 
and  fmelted.  The  methods  were  well  known 
of  allaying,  diflblving,  and  refining  metals  for 
the  purpoies  of  goldfmiths  and  of  .coinage.  The 
compofition  of  glaffcs,  of  factitious  cryftals,  of 
enamels,  and  of  various  kinds  of  earthen-ware, 
was  underftood.  The  preparation  of  colors,  and 
their  application  to  the  purpofes  of  dying,  were 
known.  Fermentations,  by  which  wine,  beer,  and 
vinegar,  were  produced  5  and  difl illations,  by  which 
the  fpirituous,  volatile,  and  aromatic  parts  of  plants 
were  procured  for  the  compofition  of  e fences  and 
perfumes,  were  underftood  and  pracliied :  but  all 
thefe  arts  were  exercifed  by  people  v/ho  knew 
pothing  but  what  related  to  their  own  bufinefs ; 
and  as  they  had  never  been  defcribed,  fo  they  were 
not  all  underftood  by  any  one  perfon.  All  the  parts 
of  Chemiftry  did  then  exift,  but  the  Science  of 
Chemiftry  did  not  yet  exift. 

Happily  the  tafte  for  knowledge,  which  then 
began  to  fucceed  the  jargon  and  ignorance  of  the 
preceding  ages,  awakened  men  of  a  philofophic 
pind,  and  made  them  fenfible  how  important  it  was 

to 
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to  acquire  and  publifh  fuch  a  number  of  ufeful  facts. 
They  furmounted  all  kinds  of  obftacles,  in  order 
to  difcover  and  unravel  the  operations  of  workmen, 
who,  though  not  Chemifts,  exercifed  the  moil  efTen- 
tial  parts  of  Chemiftry. 

The  celebrated  Agricola  is  one  of  the  firft  and 
beft  authors  of  this  kind.  Born  in  a  village  of 
Mifnia,  a  country  abounding  in  mines  and  metal- 
lurgic  works,  he  has  defcribed  them  exactly  and  co- 
pioufly.  He  was  a  phyfician,  and  cotemporary  with 
Paracelfus,  but  of  a  character  very  different.  His 
writings  were  as  clear  and  inftructive  as  thofe  of 
Paracelfus  are  obfcure  and  ufelefs.  Lazard,  Erker, 
Schinder^  Schlatter  (d)\  Henkel(e)^  and  fome  others, 
have  alfo  written  on  metallurgy,  and  have  defcribed 
the  art  of  efTaying  metals.  Antony  Neri,  Doctor 
Merret,  and  the  famous  Kunkel  (f),  who  has  enriched 
Chemiftry  with  many  fine  experiments,  have  de- 
fcribed very  fully  the  arts  of  making  glafs,  enamels, 
imitations  of  precious  Hones,  and  feveral  other 
things. 

The  valuable  Chemifts  whom  we  have  mentioned, 
und  even  many  who  fucceeded  them,  and  whom  we 
diftinguiih  from  the  Alchemifts,  were  not  however 
entirely  free  from  the  illufions  of  Alchemy.  So  true 
it  is,  that  an  obftinate  and  inveterate  malady  never 
difappears  at  once,  without  leaving  traces  behind. 
Thus,  fince  the  time  of  Paracelfus  and  Agricola^ 
we  have  had  many  authors,  in  fome  refpects  rational 
Chemifts,  and  in  others  Alchemifts.    Keyjler,  Cajjius^ 

(d)  The  works  of  Schlatter  have  been  tranflated  into  French 
by  He/let,  and  enriched  by  the  obfervations  of  the  Tranfiator,  to 
whom  Chemiftry  has  many  obligations. 

(e)  Apart  of  H,nkel's  works  have  been  tranflated  into  French 
by  the  Baron  cTQlbacb,  one  of  the  moll  zealous  and  illuftrioug 
benefactors  of  French  Chemiftry. 

(f)  The  works  of  Neri,  Merret,  and  Kunkely  are  tranflated 
imp  irrencfc  by  Baron  d'Qlback* 
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Roefcbius,  Orfcbal,  Sir  Kenclm  Bigby,  Libavius,  Van 
Hclmoyit,  Star  key,  Borrichius,  are  of  this  number. 
But  they  have  fufficiently  made  compenfation  for 
this  fault  by  the  number  of  interefting  experiments 
which  they  have  related. 

As  in  the  latter  times  of  the  Authors  above-men- 
tioned, the  Alchemical  phrenzy  began- to  draw  near 
its  crifis,  it  was  attacked  by  maay  powerful  anta- 
gonifts,  to  whom  rational  Chemiftry  has  many  obli- 
gations ;  fince  by  their  writings,  they  contribut- 
ed to  refcue  that  fcience  from  an  evil  which  at  once 
difgraced  it,  and  retarded  its  progrefs.  Amongft 
thefe  authors,  are  mod:  diftinguilhed  the  celebrated 
Kircher,  a  Jefuit,  and  the  learned  phyfician  Con- 
ringius,  who  wrote  with  much  fucceis  and  reputa- 
tion. 

We  are  at  length  arrived  at  one  of  the  moft 
brilliant  eras  of  Chemiftry :  I  mean  the  time  when 
its  feveral  parts  began  to  be  collected,  examined, 
and  compared  by  men  of  genius  fufficiently  ex- 
tenfive  and  profound  to  comprehend  them  all,  to 
difcover  their  principles,  to  obferve  their  relations, 
to  unite  them  into  one  body  of  rational  doctrine, 
and  to  lay  the  true  foundation  of  Chemiftry,  conft. 
dered  as  a  Science. 

Before  the  middle  of  the  laft  age,  this  edifice 
was  not  begun  to  be  erected,  but  the  materials 
only  had  been  collected.  James  Barner,  phyfician 
to  the  King  of  Poland,  was  one  of  the  firft  who 
arranged  into  order  the  principal  Chemical  experi- 
ments, and  added  rational  explanations.  His  work 
is  entitled  Philofcphical  Chemiftry.  All  the  phe- 
nomena of  this  Science  are  there  referred  to  the 
fyftem  of  acids  and  alkalis  which  Tachenius  had 
eftablifhed,  but  which  he  had  abufed  by  extending 
too  far :  a  fault  very  pardonable,  when  we  confider 
how  difficult  it  was  for  him  to  avoid  it,  who  had  dif- 

covered 
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covered  truths  fo  general  and  fb  fertile  in  confe- 
quences  as  are  the  properties  of  thefe  fubftances. 

Bohnius,  a  Profeffor  at  Leipfic,  publifhed  alfo  a 
valuable  Treatife  of  Rational  Chemiftry  but  the 
reputation  of  thefe  Philofophical  Chemifts  has  been 
almoft  eclipfed  by  the  famous  Becker,  Principal 
Phyfician  to  the  Electors  of  Mentz  and  of  Bavaria. 
This  man,  whofe  genius  equalled  his  knowledge, 
appears  to  have  feen,  with  a  fingle  glance,  the 
immenfe  multitude  of  chemical  phenomena.  By 
reflecting  on  thefe  important  objects,  he  invented 
the  beft  and  molt  fatisfactory  theory  which  has  been 
ever  publifhed.  This  theory  has  had  the  honor 
of  being  adopted  and  commented  upon  by  the 
greateft  and  moil  fublime  of  all  the  Philofophical 
Chemifts. 

By  thefe  titles  the  illuftrious  Stakl,  Principal  ^ 
Phyfician  to  the  late  King  of  Pruffia,  deferves  to  be 
diftinguifhed.  Born,  as  Becher  was,  with  a  ftrong 
pafTion  for  Chemiftry,  which  fhewed  itfelf  in  his 
early  youth,  he  inherited  a  genius  flill  fuperior  to 
that  of  Becker,  His  imagination  was  as  lively, 
as  brilliant,  and  as  active  as  that  of  his  predeceftbr ; 
and  he  had,  befides,  the  ineftimable .  advantage  of 
being  regulated  By  that  philofophic  and  temperate 
wifdom,  which  effectually  preferves  from  enthufiafm 
and  illuiion.  The  theory  of  Becker,  which  he  has 
adopted  almoft  entirely,  has  become,  in  his  writ- 
ings, of  all  theories  the  moft  enlightening,  and 
the  moil  conformable  with  the  phenomena  of  Che- 
miftry. Very  different  from  thofe  fyftems  which 
are  produced  by  imagination,  without  truth,  and 
whictr-experience  deftroys,  the  theory  of  Stahl  is  the 
fureft  guide  that  we  can  take  for  our  conduct  in 
Chemical  refearches  ;  and  the  numerous  experiments 
which  are  every  day  made,  far  from  invalidating  it, 
become  new  proofs  for  its  confirmation. 

Next 
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Next  to  Stabl  we  place  the  immortal  Boerhaave  \ 
though  he  excelled  in  a  different  way.  This 
powerful  genius,  the  honor  of  his  country,  of  his 
profeffion,  and  of  his  age,  threw  light  upon  every 
fubjecl:  which  he  treated.  To  the  view  which  he 
took  of  Chemiftry  we  owe  the  fineft  and  mofl 
methodical  analyfis  of  the  vegetable  kingdom ;  his 
admirable  Treatifes  on  Air,  on  Water,  on  Earth, 
and  particularly  that  on  Fire,  which  is  an  aftonifh- 
ing  mafter-piece,  fo  complete,  that  the  human  un- 
derftanding  can  fcarcely  make  any  addition  to  it. 

Although  the  theories  of  the  great  men  we  have 
mentioned  may  contribute  infinitely  to  the  advance- 
ment of  Chemiftry,  by  explaining  the  caufes  and 
relations  of  the  phenomena  of  that  Science;  we 
muft  however  confefs,  that  they  may  produce  a  very 
contrary  effect,  if  we  deliver  ourfelves  up  to 
them  with  too  much  confidence,  and  extend  their 
application  beyond  their  true  limits.  Theories  can 
only  be  ufeful  fo  far  as  they  arife  from  experiments 
already  made,  or  lead  us  to  new  ones  ;  for  reafoning 
may  be  coniidered  as  the  eye  of  a  philofopher,  but 
experience  is  his  feeling  ;  and  this  latter  fenfe  ought 
CQnftantly  to  rectify  the  too  frequent  errors  of  the 
former.  If  experiments,  undirected  by  theory, 
are  only  a  blind  feeling;  theory  without  experi- 
ments is  a  deceitful  and  uncertain  vifion.  Accord- 
ingly, the  moft  important  difcoveries  that  have 
been  made  in  chemiftry,  have  been  owing  to  the 
joint  afTiftance  of  both. 

A  very  convincing  proof  of  this  truth  appears 
in  the  works  of  the  illuftrious  literary  Societies, 
whofe  origin  may  be  confidered  as  the  origin  of 
experimental  philofophy,  and  the  true  era  of  the 
expulfion  of  the  barbarous  jargon  of  the  Schools, 
of  the  illufions  of  judicial  Aftrology,  of  the  extra- 
vagancies of  Alchemy,  which  were  only  chimerical 

fpecu- 

i 


xviii    PRELIMINARY  DISCOURSE. 

fpeculations,  deftitute  of  proof,  or  confufed  heaps 
of  inclufive  fads. 

The  learned  and  profound  Memoirs  of  thofc 
celebrated  Societies  will  be  ever  the  model  of  thofe 
who  intend  to  advance  the  progrefs  of  Science ; 
fince  there  we  always  fee  experiments  giving 
ftability  to  theory,  and  theory  giving  light  to  expe- 
riment. 

We  have  now  the  advantage  of  feeing  the  belt 
days  of  Chemiftry.  The  tafte  of  our  age  for 
philofophical  matters  the  protection  of  Princes ; 
the  zeal  of  a  multitude  of  illuftrious  and  intelligent 
perfons  attached  by  inclination  to  the  ftudy  of  this 
Science ;  the  profound  Ikill  and  ardor  of  modern 
Chemifts,  whom  we  do  not  attempt  to  praife,  be- 
caufe  they  are  above  our  eulogiums ;  feem  all  toge- 
ther to  promife  the  moft  brilliant  fuccefs.  We  have 
feen  Chemiftry  drawing  its  origin  from  neceflity, 
and  receiving  a  flow  and  obfeure  encreafe  from 
avarice.  To  true  philofophy  it  was  referved  to 
bring  it  to  perfe&ion. 
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ABSORBENT,  (a) 
ACETOUS,  (b) 
ACESCENT. 
This  word  may  be  employed  to  denote  a  matter,  which 
either  is  turning  lour,  that  is  to  fay,  acid,  or  which  is 
ilightly  acid.    See  Acid,  (c)  * 

ACID.  Acids  are  of  all  faline  fubftances  the  moft  fim- 
ple,  and  confequently  ought  to  be  confidered  as  fecondary 
principles.  Their  name  is  derived  from  their  tafte,  which 
is  acid  or  four.    One  of  the  marks  by  which  they  are  eafily 

(a)  Absorbent.  Thofe  earths  are  called  abforbent,  which 
are  capable  of  being  combined  with  acids.  Thefc  are  calca- 
reous earths,  alhes  of  burnt  vegetable  and  animal  fubftances, 
magnefia,  and  earth  of  alum.  This  clals  of  earths  might  be 
more  properly  denominated  alkaline  earths.  See  La  h,  M  ag- 
tcesia,  Alum. 

(b)  Acetous.  Acetous  acid  is  the  fame  as  vinegar.  Acetous 
fermentation  is  that  fermentation  by  which  vinegar  is  produced. 

Acetous  ether  is  an  ether  made  by  means  of  vinegar.  See  Vine- 
car,  andETHER. 

(c)  The  word  ace/cent  can  only  be  properly  applied  to  denote 
the  firft  of  thefe  meanings.  The  fecond  may  be  exprefted  by 
either  of  the  words,  acidulous  or  jubacid* 

Vol.  I.  B  known, 
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known,  is  their  property  of  changing  into  red  the  blue  co- 
lors of  an  infufion  of  flowers  of  violets,  or  of  the  tincture 
of  heliotropium.  (d) 

If  acids  were  feparated  from  all  moifture  or  water,  and* 
from  all  other  fubftances  not  neceffary  to  their  fali-ne  eflence, 

(d)  Acids  generally  change  the  blue  color  of  vegetables, 
efpecially  of  their  flowers,  and  of  their  infufions,  to  a  red  ;  and* 
they  heighten  the  red  color  of  thefe  fubftances ;  whereas  alkalis 
change  the  blue  colors  of  vegetables  to  a  green.  Hence  the 
fyrup  of  violets,  the  tinfture  of  heliotropium,  and  other  infu- 
iions  of  vegetables,  have  been  generally  ufed  to  diftinguilh  the 
acid  or  alkaline  qualities  of  bodies.  This  criterion  is,  however, 
fubjecc  to  many  exceptions.  The  volatile  fulphureous  acid 
whitens  blue  and  red  flowers.  Several  neutral  falts  have  been 
obferved  to  a£t  upon  thefe  colors.  Alum  is  faid  by  fome  authors 
to  render  fyrup  of  violets  red  ;  and  by  others,  green.  The  diffe- 
rence may  have  arifen  from  the  excefs  of  alkali  employed  in  the 
preparation  of  alum  ;  for  it  is  known  that  a  lixivium  of  aluminous 
earth  cannotbe  well  cryftallized  without  addition  of  fome  alkaline 
ley.  The  Count  de  Saluces  has  even  obferved,  that  the  color  of 
fyrup  of  violets  was  at  firft  rendered  purple  by  means  of  alum, 
and  that  it  afterwards  became  green.  A  Angular  exception  to 
the  above  general  rule  is  furnilhed  by  the  lignum  nephriticum  , 
the  blue  color  of  an  infufion  of  which  is  converted  by  acids  to  a 
yellow,  and  is  again  reftored  by  an  alkali. 

The  Count  de  Saluces  has,  in  the  Turin  Memoirs ,  publifhed  an 
account  of  experiments  made  to  difcover  the  cauie  of  the  changes 
ef  color  induced  on  fyrup  of  violets  by  mixture  with  different 
fubftances.  From  thefe  experiments,  he  found  that  a  green 
color  was  given  to  the  fyrup  by  the  following  fubftances,  molt 
of  which  are  confidered  as  neutralifed  ;  Vitriolated  tartar,  Glau- 
ber's fait,  'vitriol  of  copper,  calcined  bones,  nitre,  fea  fait,  f agar  of 
lead,  turpeth  mineral,  calcined  gypfum  ;  that  a  red  color  was  given 
to  the  fyrup  by  fpirii  of  'vitriol,  marine  acid,  and  cream  of  tartar  : 
that  aqua  fortis  produced  a  golden. yellow  color:  that  alum  pro- 
duced a  violet  color,  which  afterwards  changed  to  a  dirty  green  : 
that  artificial  plume-alum  gave  a  cherry-color  :  and  that  the  color 
of  the  fyrup  was  rendered  firft  green,  and  afterwards  of  an 
orange-yellow  by  oil  of  tartar,  and  by  quicklime,  and  by  'volatile 
alkali.  He  infers  from  thefe  fads,  that  the  rednefs  given  to 
fyrup  of  violets  proves  a  fuper-abundance  of  acid  in  the  fub- 
ftance  which  produces  that  color  ;  but  that  the  green  color  is 
a  very  equivocal  proof  of  the  prefence  of  an  alkali,  and  ra- 
ther indicates  fome  neutral  fubftance.  if  the  green  color  be 
permanent ;  for  if  any  matter  be  added  in  which  a  fixed  or 
volatile  alkali  predominates,  the  green  color,  which  at  firft  ap- 
pears, is  afterwards  changed  to  a  yellow. 
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they  would  appear  under  a  concrete  or  folid  form.  But  ge- 
nerally they  are  liquid;  becaufe  their  affinity  to  water  is  fo 
great,  that  when  they  contain  no  more  than  what  is  necef- 
iary  to  conftitute  them  falts,  they  are  ftrongly  difpofed  to 
feize  more  water,  whenever  they  can  touch  it ;  and  as  the 
atmofphere  is  always  loaded  with  watery  vapors,  the  con- 
tact: of  the  air  is  folely  fufficient  to  render  acids  fluid,  by 
their  rapid  union  with  its  moifture. 

Acids  have  a  general  tendency  to  unite  with  almoft  all 
fubftances,  particularly  with  thofe  which  are  either  iimple, 
or  not  much  compounded ;  as  phlogifton,  alkaline  falts, 
fixed  and  volatile  earths,  (efpecially  thofe  called  abfor- 
bent),  metallic  fubftances,  water,  and  oil. 

Many  fubftances  are  by  chemifts  called  acids,  becaufe 
they  poflefs  thofe  general  properties  which  we  have  men^ 
tioned.  But  thefe  fubftances  differ  from  each  other  by  pro- 
perties peculiar  to  each. 

As  acids  from  their  tendency  to  unite,  and  to  remain 
united  with  almoft  all  other  bodies,  are  never  found  fmgle 
and  pure,  but  muft  be  obtained  and  feparated  by  artificial 
operations  from  the  bodies  with  which  they  happen  to  be 
combined  ;  they  have  been  diftinguifhed  by  authors  into 
claffes,  according  to  the  fubftances  whence  they  are  ex- 
tracted. Thefe  claffes  are  mineral  acids,  vegetable  acids,  and 
animal  acids.  In  Mr.  GeofFroy's.Table  of  Affinities,  thofe 
of  acids  are  marked  in  the  foilowing  order :  fixed  alkali  • 
volatile  alkali  j  earths;  metallic  fubftances.  (e) 

Very 

(e)  Under  the  article  Affinity  are  fubjoined  two  Tables  of 
Affinities,  one  by  Geoffrey,  and  the  other  by  Gellert,  together 
with  an  explanation  of  them.  Here  it  may  be  necelfary  to 
mention,  in  order  to  the  underftanding  of  the  text,  that  thofe 
fubftances  are  placed  firft  in  order  which  have  the  ftrongeft  af- 
finity, that  is,  which  are  moft  difpofed  to  unite  with  the  fub- 
ftance  whofe  affinities  are  compared  together.  Thus,  accord- 
ing to  Mr.  Geoffroy's  Table,  quoted  in  the  text,  acids  are  more 
difpofed  to  unite  with  fixed  alkali  than  with  volatile  alkali, 
earths,  or  metallic  fubftances ;  and  more  difpofed  to  unite  with 
volatile  alkali,  than  with  earths  and  metallic  fubftances  ;  and 
laftly,  are  more  difpofed  to  unite  with  earths  than  with  me- 
tallic fubftances. 

The  affinities  of  acids,  that  is,  their  comparative  powers  of 
union  <voith  other  fubftances,  are  in  the  following  order,  begin- 
ning with  the  greateft.  i .  Ejxed  alkali.  2.  Calcareous  earth; 
3.  Volatile  alkali,  and  magnefia,  the  affinities  of  which  to  acids 
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Very  concentrated  acids  taken  internally  in  a  dofe  fome- 
what  large  j  for  inftance,  an  ounce,  or  even  much  lefs9 
when  the  acid  is  fufceptible  of  great  concentration  ;  arc 
corrofive  and  genuine  poifons.  Their  beft  antidotes  are 
alkaline  fubflances,  either  faline  or  earthy,  oils,  alkaline 
foaps,  large  quantities  of  mild  drink,  as  water,  milk,  rnu- 
cilages.    Thefe  muft  be  given  copioufly  and  fpeediiy. 

Small  doles  of  acids  diluted  with  much  water,  fo  as  to 
be  agreeably  acidulous,  and  blunted  by  fome  mild  fub- 
itance,  as  fugar,  are  excellent  cooling  and  aperitive  me- 
dicines, fit  to  quench  exceffive  thirlt,  and  lefTen  the  acri- 
mony of  the  bile.  They  are  chiefly  ufeful  in  alkalefcent 
difpofitions,  and  in  putrid,  inflammatory  fevers.  Their 
whole  action  feems  to  be  exerted  on  the  primae  viae ;  for 
they  are  rendered  una&ive  by  the  powers  of  digeftion,  by 
means  of  which  they  are  combined  with  the  earthy  and 
oily  parts  of  aliments  and  digeltive  juices.  They  would 
be  certain  poifons  if  they  pahed  into  the  blood-veffels  with 
their  acid  qualities,  at  leaft  with  their  acidity  undiminim- 
ed.  They  would  coagulate  the  blood,  and  would  greatly 
irritate  the  nervous  and  fenfible  parts.  Malpighi  killed  a 
dog  by  injecting  into  the  veins  fuch  a  quantity  of  nitrous 
acid,  as  would  not  have  hurt  if  it  had  been  fwallowed. 
Acids  employed  externally  mew  fimilar  qualities,  but  more 
fenfibly  than  when  impaired  by  the  digefnve  powers.  They 
are  ufeful  againft  alkalefcent  putridity,  (f) 
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are  nearly  equal.  .  4.  Iron,  zinc,  copper,  and  perhaps  fome 
other  metals.    5.  Earth  of  alum.    6.  The  remaining  metals. 

(f)  I.  The  common  properties  of  acids  are,  1.  They  may  be 
united  with  w  ater.  This  is  not  merely  a  dilution  of  acids,  for 
by  uniting^  concentrated  acids  with  water,  heat  is  produced ; 
and  the  mixed  fluid  acquires  a  fpecific  gravity,  different  from 
the  intermediate  gravity  of  its  component  parts.  From  this 
union,  therefore,  a  new  compound  is  formed.*  2.  Concentrat- 
ed acids  produce  cold,  when  mixed  with  ice.  The  vitriolic 
acid  has  been  faid  by  feme  authors  to  produce  heat  by  mixture 
with  ice.  But  the  heat  thus  excited  has  been  occafioned  by  too 
great  a  quantity  of  vitriolic  acid  in  proportion  to  the  ice.  For  a 
certain  proportion  of  that  acid  being  added  to  ice,  thaws  the 
ice,  and  produces  cold,  like  the  other  acids  :  But  if  more  vi- 
triolic acid  be  added  to  the  ice  thus  thawed,  it  will  have  the 
fame  effect,  which,  as  we  have  obferved,  is  occafioned  by  the 
adding  of  this  acid  to  water  ;  that  is,  heat  will  be  produced. 
3.  They  may  be  combined  with  fpirit  of  wine.    See  Ether. 

4.  They 


ACID 


ACID  (ACETOUS).    See  Vinegar. 

ACIDS  (ANIMAL).  This  name  is  given  to  acids 
obtained  from  certain  animal  matters  j  as  butter,  fat,  blood, 
ants,  and  mofr  flies. 

Thefe  acids  have  been  too  little  examined  to  enable  us 
to  judge"  whether  they  be  effentially  different  from  thofe 

obtained 

4.  They  may  be  combined  with  abforbent  earths,  c.  They 
may  be  combined  with  alkalis.  6.  They  may  be  combined 
with  metallic  fubftances.  Although  every  acid  does  not  di- 
rectly diflblve  every  metallic  fubftance,  yet  probably  by  con- 
centration or  dilution  of  the  acid,  divifion  of  the  metals  by  me- 
chanical and  chemical  methods,  by  application  of  lufficient  heat, 
and  other  means,  every  metal  may  be  acted  upon  by  every  acid. 
7.  When  much  concentrated,  they  may  be  combined  with 
phlogifton,  and  with  oils.  8.  When  they  combine  with  thefe 
fubftances,  they  difengage  from  them  all  or  part  of  the  fixable 
air  which  they  contain.  9.  They  foften  and  diffolve  the  folid 
parts  of  animals.  10.  They  coagulate  moft  of  the  liquid  parts 
of  animals.  11.  They  change  to  red  the  blue,  and  heighten 
the  red  colors  of  vegetables,  excepting  volatile  fulphureous  acid, 
which  deitroys  thefe  colors.  Probably  this  change  of  color  pro- 
ceeds from  the  action  of  acids  upon  the  oily  parts  of  vegetables  ; 
for  oils  are  rendered  red  by  acids  fufficiently  concentrated.  1 2. 
They  refill  fermentations.  13.  They  are  not  capable  of  being 
frozen  by  fo  fmall  a  degree  of  cold  as  water  is. 

II.  As  acids  fo  powerfully  attract  water,  that  they  are  never 
found  pure  and  dry,  but  always  in  a  fluid  ltate,  when  uncombined 
with  earths,  alkalies,  or  metals,  we  cannot  eafily  afcertain  the 
quantity  of  acid  contained  in  acid  liquors.  Homberg  has  at- 
tempted to  eftimate  the  quantity  of  acid  contained  in  the  acid 
fpirits  of  vinegar,  nitre,  fea-falt,  and  of  vitriol,  by  combining 
thefe  liquors  with  fait  of  tartar,  fo  as  to  form  neutral  falts, 
imagining  that  the  weight  gained  by  that  alkali  from  its  union 
with  acids,  or  the  difference  betwixt  the  weight  of  the  fait  of 
tartar  and  the  neutral  fait  produced,  was  equal  to  the  weight, 
of  real  acid  contained  in  the  quantity  of  acid  liquor  employed. 
But  as  he  did  not  confider,  that  the  gas  expelled  from  fait  of 
tartar,  during  its  combination  with  acids,  makes  a  very  con- 
siderable part  of  the  weight  of  that  alkali,  the  inferences  from 
his  experiments  are  not  juft  ;  and  the  real  quantity  of  acid  con- 
tained in  an  acid  liquor,  is  fo  much  more  than  the  quantity  in- 
ferred by  him,  as  the  whole  weight  of  the  gas  difengaged 
from  the  fait  of  tartar.  The  quantity  of  gas  contained  in 
fait  of  tartar  varies  much  according  to  the  method  of  its  pre- 
paration, and  other  circumftances ;  and  the  quantity  alfo  of  water 
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obtained  from  vegetables.  But  we  are  certain,  that  they 
differ  in  the  fame  circumftances  as  the  vegetable  acids  do 
from  mineral  acids  ;  and  probably,  this  difference  proceeds 
from  the  fame  caufe  which  conftitutes  the  difference  be- 
twixt the  vegetable  and  mineral  acids ;  namely,  the  com- 
bination of  oily  particles  with  the  former,  (g) 

The 

retained  by  different  neutral  falts  in  their  cryftallization,  being 
very  different,  we  may  eafily  perceive  another  fource  of  error  in 
the  eftimate  made  by  M.  Homberg. 

III.  The  known  acids  are,  i.  Vitriolic  acid.  2.  Nitrous  acid. 
3.  Marine  acid.  4.  Acetous  acid.  5.  Vinous  acid,  or  tartar. 
6.  Effential  acid  of  vegetables.  7.  Acid  obtained  by  din-illa- 
tion of  vegetables.  8.  Acid  of  bitumens.  9.  Acid  of  borax, 
xo.  Acid  obtained  by  diftillation  of  oils,  refins,  and  fats.  11. 
Phofphoricacid.  12.  Acid  of  ants  and  other  infects.  13.  Acids 
of  healthy  and  of  difeafed  ftomachs  of  animals.  14.  Acid  of 
perfpirable  matter  of  difeafed  animals.  15.  Acid  of  fluors. 
Perhaps  the  number  of  acids  is  much  larger ;  or  perhaps  fome 
of  thefe  are  only  modifications  of  other  primary  acids ;  orlaftly, 
as  Stahl  fuppofes,  they  are  all  modifications  of  the  one  only  pri- 
mary acid,  namely,  that  of  vitriol.  See  the  theory  of  acids  under 
the  article  Salt. 

(g)  The  acid  of  ants  may  be  perceived  by  fmell,  on  turning 
up  an  ant-hill  in  fpring  or  fummer.  When  thefe  infects  are  ir- 
ritated, they  difcharge  a  fluid  which  has  an  acid  tafte  and  fmell. 
Water,  or  fpirit  of  wine,  in  which  they  are  agitated,  becomes 
acidulous.  Part  of  this  acid  is  fo  volatile  as  to  rife  by  diftilla- 
tion with  fpirit  of  wine,  in  which  ants  had  been  immerfed  ; 
but  the  greateft  part  of  it  is  fo  fixed,  as  to  remain  united  with 
the  refiduous  phlegm.  All  the  acid  maybe  extracted  by  water, 
and  rendered  capable  of  rifing  by  diftillation  with  that  fluid 
in  a  water-bath.  From  24  ounces  of  frefh  ants  were  obtained 
by  diftillation,  without  addition,  eleven  ounces  and  two  drams 
of  acid  fpirit,  fome  urinous  fait  and  fpirit,  fome  empyreumatic 
oil,  and  a  refiduum,  confifting  of  earth  and  fixed  fait.  This 
acid  is  found  to  have  the  general  properties  of  acids.  With  fix- 
ed alkalies  it  forms  neutral  cryftals,  oblong,  and  deliquefcent. 
Thefe  cryftals  being  diftilled  by  a  violent  fire,  yielded  a  liquor 
fcarcely  acid,  and  another  liquor  urinous  or  ammoniacal.  From 
the  refiduum  diflblved  in  water,  by  filtration  and  evaporation, 
were  obtained  large  cryftals  which  did  not  deliquiate,  and  had 
the  general  properties  of  fixed  alkalies.  In  this  experiment  the 
acid  feemed  to  difappear.  But  by  pouring  oil  of  vitriol  on  thefe 
alkaline  cryftals,  white  vapors  were  difengaged,  although  no 
acid  fpirit  could  be  obtained  by  diftillation.  From  thefe  white 
vapors,  and  from  the  facility  with  which  this  fait  cryftallizes, 
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The  phofphoric  acid,  obtained  from  urine,  appears,  for 
the  fame  reafon,  to  belong  to  this  clafs  of  animal  acids. 
But  it  has  properties  fo  different  from  thofe  of  all  other 
acids,  that  it  deferves  to  be  confidered  as  a  diltinct  acid* 
See  Phosphorus. 

ACIDS  (CONCRETE).  Thefe  are  faline,  folid 
fubftances  which  have  the  general  properties  of  acids. 
Such  are,  cryjfah  of  tartar;  effcntial  falts  of  vegetables,  par- 
ticularly of  thofe  which  are  acid ;  the  volatile  acid  fait 
cf  amber,  and  of  lbme  other  bitumens ;  and  fovuers  of  Ben- 
jamin. 

ACIDS  (FLUOR),  Are  thofe  which  are  generally, 
or  always  in  a  fluid  Hate ;  fuch  are  the  volatile  vitriolic, 
nitrous,  marine  acids,  and  thofe  obtained  by  diftillatiort 
from  vegetable  and  animal  fubfrances. 

ACID  of  FLU ORS.    See  Fluors. 

ACID  (MARINE).  This  is  fo  called,  becaufe  it  is 
generally  obtained  from  fea-falt;  though  it  may  be  alfo 
procured  from  Sal-gem,  or  fojfile  fait,  and  from  the  fait  of 

Mr.  Margraaf,  from  whom  thefe  and  the  following  experiments 
on  the  acid  of  ants  are  extracted,  fuipefts  the  exiftence  of  a  latent 
acid.  The  acid  of  ants  formed  with  volatile  alkali  an  ammo- 
niacal  fluid,  which,  like  the  combination  of  the  fame  alkali  with 
vinegar,  could  not  be  reduced  to  a  concrete  or  folid  Hate. 
With  quicklime,  chalk,  and  coral,  it  formed  dry  cryftals. 

This  acid  did  not  precipitate  filver,  lead,  or  mercury,  from 
nitrous  acid  ;  hence  it  has  no  analogy  to  marine  acid.  Nor 
did  it  precipitate  quicklime  from  marine  acid  ;  and  hence  it 
has  no  analogy  to  vitriolic  acid. 

As  a  menllruum,  this  acid  afted  weakly  upon  ccpper,  and 
ftrongly  upon  iron  and  upon  zinc  ;  but  it  did  not  aft,  or  very 
little,  upon  filver,  lead,  tin,  regulus  of  antimony  and  bifmuth. 
Its  combination  with  iron  cryftallized  ;  in  which  refpeft  it  differs 
from  vinegar.  It  dilTolved  the  calxes  of  copper,  filver,  zinc, 
and  lead  ;  but  not  the  calxes  of  tin,  regulus  of  antimony,  bif- 
muth, or  of  mercury,  which  laft  calx  it  converted  to  fluid 
quickfilver.  Upon  the  whole  (fays  Margraaf),  we  may  per- 
ceive a  refemblance  in  many  refpefts,  though  not  in  all,  betwixt 
this  acid  and  the  acetous.  See  the  Memoirs  of  the  Berlin  Academy  t 
vol.  4.  1749,  or  tne  Opufcules  Cbemiques  de  Mr.  Margraaf. 

Infecls  armed  with  ilings,  as  bees,  wafps,  and  hornets,  when 
irritated,  difcharge  an  acid  liquor.  A  very  ftrong  acid  has  been 
obferved  by  M.  Bonnet  to  be  ejefted  by  a  caterpillar,  which  he 
diftinguiflies  by  the  name  of  grande  chenille  du  faule  a  queu 
fourchue.  See  the  Mem.  des  Scauans  Etrang.  Tom  2.  and  Philof. 
Tranf.for  1743. 

B  4  faline 


ACID 


feline  fountains  and  pits,  fince  all  thefe  falts  do  not  differ 
from  fea-falt,  but  in-  their  origin. 

The  marine  acid,  as  well  as  the  nitrous  and  vitriolic,  is 
never  found  alone  and  pure  ;  but  it  is  always  com- 
bined with  an  alkali,  fo  as  to  form  a  neu.tral  fait,  which  is 
diffolved  copioufly  in  the  fea,  to  which  it  gives  a  faline 
tafle. 

This  neutral  fait  is  alfo  found  cryftallized  in  large  trans- 
parent malTes  within  the  earth,  and  is  then  called  Sal-ge??i> 
ox  foffde  fait. 

It  is  alfo  diffolved  in  the  waters  of  fome  wells  or  fountains, 
which  may  be  owing  to  thefe  waters  communicating  by 
fubterraneous  pafTages  witl)  the  fea,  or  to  their  palling 
through  minesof  Sal-gem. 

The  marine  acid  has  all  the  general  properties  of  faline 
acid  fubftances. 

It  differs  from  the.  vitriolic  acid  in  the  following  circum- 
ftances  :  it  is  more  light  and  volatile ;  it  has  fmell  and 
color ;  it  emits  vapors ;  it  has  Jefs  affinity  with  fixed 
alkalies  and  abforbent  earths ;  and,  like  the  nitrous  acid, 
it  forms  with  abforbent  earths  no  falts  but  fuch  as  are 
deliquefcent. 

It  differs  from  the  nitrous  acid  by  its  color,  which  is  more 
yellow  and  lefs  red  ;  by  the  whitenefs  of  its  vapors,  which 
are  vifible  only  in  open  air ;  by  its  fmell,  which  refembles 
faffron ;  by  a  weaker  affinity  with  abforbent  earths  and 
fixed  alkalies,  (h) 

The  marine  acid  cannot  be  fo  much  concentrated  as  the 
vitriolic  and  nitrous  acids,  becaufe  it  is  much  more  volatile. 

This  acid  cannot  be  fo  eafily  combined  with  phlogiflon 
as  the  vitriolic  and  nitrous,  and  we  are  not  certain  that  fome 
medium  is  not  requifite  for  fuch  a  combination. 

Although  the  properties  of  the  marine  acid  are  as  well 
known  as  thofe  of  the  nitrous  and  vitriolic,  yet  chemifls 
are  far  from  underftanding  the  nature  of  this  faline  fub- 
ftance  equally  well.  Becker,  according  to  his  theory  of 
acids,  attributes  the  diftinguifhing  properties  of  the  marine 
acid  to  that  principle  which  he  calls  mercurial  earth.  But 
lie  fupports  his  opinion  by  no  other  proofs,  than  by  fome 

(h)  Marine  acid  differs  from  the  nitrous  in  another  inftance, 
befides  thofe  mentioned  in  the  text.  It  readily  diffolves  metallic 
calxes,  which  are  little  affected  by  nitrous  acid.  Hence  it  ex- 
tracts from  moft  colored  earths  and  ftones  the  metallic  calxes, 
t>y  which  the  color  of  thefe  fubftances  is  produced. 
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Appearances  caufed  by  the  union  of  this  acid  with  metallic 
fubftances,  in  which  alfo  he  fuppofes  this  mercurial  earth 
to  be  a  component  part.  But  as  the  exiftence  of  this 
mercurial  earth  in  marine  acid,  or  in  metallic  fubftances, 
is  not  demonstrated,  nor  even  fufrkiently  indicated ;  and  as 
Becker  has  explained  himfelf  very  obfcurely  and  confufedly 
on  this  ftibject,  what  he  has  faid  does  not  merit  a  deliberate 
jdifcuffion.  Stahl,  therefore,  who  was  too  judicious  to  be 
fatisfied  with  appearances  and  probabilities,  abandoned, 
jn  fome  meafure,  this  part  of  Becker's  theory,  and  only 
exprefles  a  wifli  that  the  exiftence  of  the  mercurial  earth 
could  be  as  well  afcertained  as  the  exiftence  of  phlogifton. 

This  great  chemift,  however,  appears  to  be  convinced 
of  the  primary  identity  of  all  faline  fubftances ;  that  is  to 
fay,  he  believed  that  they  all  were  the  vitriolic  acid  dif- 
guifed  by  fome  mixture.  He  allures  us,  even,  that  he  has 
been  able  to  tranfmute  acids  into  each  other;  that  is,  to 
change  the  vitriolic  acid  into  the  nitrous  and  marine ;  and 
to  reduce  thefe  back  again  into  the  vitriolic.  But  he  has 
not  published  his  experiments  on  this  fubject,  perhaps 
becaufe  he  had  not  fufliciently  afcertained  the  procelTes,  or 
that  he  chofe  to  referve  to  himfelf  fuch  important  dif- 
coveries.^  The  poftibility,  therefore,  of  thefe  tranfmuta- 
tions  of  acids  is  not  yet  determined.  (/) 

Th?  properties  of  the  marine  acid,  above-mentioned, 
indicate  nothing  more  than  that  it  participates  of  the  na- 
ture of  both  the  vitriolic  and  nitrous  acids. 

Its  combination  with  phlogifton,  which,  of  all  its  pro- 
perties, might  aflift  us  moft  in  our  investigation,  has  not 
J)een  fufliciently  explained. 

The  unfuccefsful  attempts  made  by  M.  Margraaf,  a 
celebrated  chemift  of  the  Academy  of  Berlin,  to  combine 
the  marine  acid  pure  and  crude,  as  he  calls  it,  with 
phlogifton,  with  a  view  to  compofe  phofphorus,  are  fo 
many  frefh  caufes  of  uncertainty",  and  additional  motives 
to  endeavor  to  illuftrate  this  important  object.  See  Phos- 
phorus. 

Marine  acid,  combined  to  the  point  of  faturation  with 
marine  alkali,  called  alfo  mineral  or  foffile  alkali,  forms  a 
neutral  lalt,  cryftallizing  in  cubes,  of  an  agreeable,  faline 
tafte.    See  Common  Salt,  under  the  article  Salt. 

(/)  Concerning  the  identity  of  acids,  fee  the  article  Salt. 
Concerning  the  tranfmutation  of  marine  acid  into  the  acid  of 
nitre,  fee  alfo  Acid  (Nit  rous). 
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With  volatile  alkali  it  forms  a  neutral,  cryftallized,  and 
'very  pungent  fait.  This  fait  is  femi-volatile,  and  may  be 
fublimed  with  a  certain  degree  of  heat.  It  is  called  Sal 
Ammoniac.    See  Ammoniac. 

Metallic  fubftances  are  in  general  more  difficultly  dif- 
folved  by  the  marine  than  by  the  vitriolic  and  nitrous  acids, 
becaufe  the  firft.  has  lefs  affinity  than  the  other  two  with 
phlogifton,  which  is  the  medium  of  union  betwixt  metals 
and  acids. 

Marine  acid,  when  fluid,  however  much  concentrated, 
and  affifted  by  any  heat,  cannot  dilfolve  gold,  filver, 
platina,  or  mercury,  in  their  natural  or  metallic  irate.  It 
combines,  however,  very  well  and  intimately  with  filver  and 
mercury  by  tv/o  methods.  One  of  thefe  is  called  the  dry 
method  or  cementation,  becaufe  the  acid  then,  in  fome 
meafure,  is  dry,  and  expofed  to  the  greateft  heat  it  is 
capable  of  receiving.  See  Parting  (Concentrated) 
and  Sublimate  (Corrosive).  The  fecond  method  is 
called  the  humid  way,  and  confifts  in  feparating  thefe  metals 
from  their  folution  in  nitrous  acid.  See  Luna  Cornea, 
and  Precipitate  (White). 

This  acid,  when  pure  and  unmixed,  cannot  by  any 
known  method  diflblve  gold  or  platina.  But  when  it  is 
mixed  with  the  nitrous  acid,  it  forms  a  menvtruum  called 
aqua  regia^  which  readily  diffolves  thefe  metals.  See  Aqua 
Regia.  From  combinations  of  aqua  regia  with  gold  or 
platina,  metallic  falts  are  formed  fufceptible  of  cryftalliza- 
tion.    See  Gold,  and  Platina.  [k) 

Pure  marine  acid  diflblves  fufficiently  well  tin,  lead, 
copper,  iron,  zinc,  and  bifmuth ;  and  lefs  eafily  regulus 
of  antimonv  :  and  it  forms  with  thefe  metals  different 
falts,  the  properties  of  which  fee  under  the  articles  Tin, 
Lead,  &c,  (/) 

The  general  phenomena  mod  remarkable  in  the  combi-* 
nation  of  marine  acid  and  metallic  matters,  are  : 

i.  It  difiblves  thefe  fubftances  with  lefs  heat  and  effer- 

(£)  By  two  methods  gold  and  platina  may  be  rendered  foluble 
in  marine  acid:  i.  by  previous  folution  in  aqua  regia,  and 
precipitation  from  that  menilruum  by  means  of  alkali;  or, 
2.  by  a  previous  calcination  with  tin  or  bifmuth. 

(/)  Marine  acid,  when  boiling,  dilfolves  arfenic.  Regulus 
of  cobalt,  and  the  femi-metal  called  nickel,  are  alfo  foluble  in 
marine  acid  :  the  folution  of  the  former  is  of  a  reddifh  yellow 
Colo--,  which  is  changed  to  green  by  application  of  heat ;  and 
the  folution  of  the  latter  is  of  a  deep  green  color, 
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yefcence,  and  with  fewer  vapors,  than  nitrous  acid  does. 
This  obfervation  is  true,  even  with  refpect  to  thofe  metals 
which  it  diflblves  moft  readily,  as  copper  and  iron. 

2.  It  forms  with  all  the  metals  which  it  diflblves,  ex- 
cepting iron  and  copper,  falts  capable  of  cryftallization, 
The  caufe  of  this  property  is,  that  generally  it  takes  from 
metals  much  lefs  of  their  phlogifton  than  the  nitrous  acid 
does. 

3.  The  metals  with  which  it  contracts  the  ftrongeft 
union,  as  filver,  lead,  mercury,  and  the  regulus  of  anti- 
mony, are  actually  thofe  with  which  it  unites  moft  diffi- 
cultly. 'We  mull:  here  obferve,  that  marine  acid  feparates 
filver,  lead,  and  mercury,  from  the  nitrous  acid  in  which 
they  had  been  previoufly  diflblved ;  and  when  it  is  once 
united  with  thefe  metals,  they  adhere  more  ftrongly  to  it 
than  they  did  to  the  nitrous  acid.  This  has  given  occafion 
to  Becker  and  other  chemifts  to  advance,  that  in  marine 
acid,  and  in  the  laft  mentioned  metals,  there  is  more  of 
that  principle  which  they  call  mercurial  earth,  than  in  any 
other  acids  or  metals.  And  to  this  abundance  of  mercurial 
earth  they  attribute  the  ftronger  connection  of  marine 
acid,  and  the  mentioned  metals,  which  are  diftinguifhed. 
from  all  others  by  the  appellations  white,  lunar,  and  mer- 
curial. 

4.  Marine  acid  has  the  property  of  volatilifing,  or  carry- 
ing of?  with  it  in  fublimation  or  diftillation,  entirely  or 
partly,  the  metals  with  which  it  is  united,  thofe  particu- 
larly with  which  it  forms  the  ftrongeft  union,  as  mercury, 
regulus  of  antimony,  filver  and  lead.  See  Sublimate 
(Corrosive),  Luna  Cornea,  Butter  of  Antimony, 
and  Plumbum  Corneum. 

5.  Marine  acid,  though  in  fome  refpects  lefs  ftrong  than 
the  vitriolic  or  nitrous,  forms  with  metallic  fubftances, 
and  particularly  with  the  laft  mentioned  metals,  with 
which  it  adheres  moft  firmly,  metallic  falts,  much  more 
corrofive  than  thofe  formed  by  the  other  two  acids.  See- 
Causticity. 

The  greateft  part  of  thefe  phenomena,  peculiar  to  marine 
acid,  evidently  proceeds  from  the  difficulty  with  which  it 
unites  with  phlogifton,  and  from  the  fmallnefs  of  the 
quantity  of  that  principle  which  it  takes  from  metallic 
fubftances. 

However,  thefe  phenomena,  thus  collected,  may,  by 
being  compared  together,  furnifh  matter  for  curious  fpe- 
culations  concerning  the  famous  mercurial  earth  of  Becker, 

which, 
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which,  according  to  him,  is  the  third  principle  of  metallic 
fubftances.  Bolides,  in  moil  folutionsof  metals  by  marine 
acid,  a  fingular  fmell,  refembling  the  fmcll  of  garlic,  or 
of  arfenic,  is  exhaled  :  but,  according  to  Becker,  arfenic 
contains  abundantly  the  mercurial  principle. 

The  difficulty  with  which  marine  acid  combines  with 
the  inflammable  principle,  is  the  reafon  why  this  acid  acts 
fo  little  upon  oils  and  oily  fubftances.  It  feems  to  have 
no  power  over  thefe  iubftances  when  it  is  fluid  and  united 
with  a  certain  quantity  of  water.  What  it  would  .produce, 
if  it  were  artfully  applied  to  thefe  oleaginous  matters  in  its 
higheft  degree  of  concentration,  v/ith  the  help  of  confiderr 
able  heat,  is  not  known.  Very  interefting  refearches  rer 
main  yet  to  be  made  upon  this  fubjecl:. 

It  appears  that  the  inflammable  principle,  when  in- 
timately united  with  water,  as  in  ardent  fpirits,  is  in  the 
favorable  ft  ate  for  combination  with  marine  acid ;  although 
many  more  difficulties  are  found  in  making  this  combina-r 
tion  with  the  marine  acid,  than  v/ith  the  vitriolic  or  nitrous. 

Marine  acid,  mixed  with  the  fpirit  of  wine  in  all  pro- 
portions, and  frequently  diftilled  with  it,  is  much  lefs 
intimately  combined  than  the  other  two  acids,  and  propor- 
tionably  lofes  lefs  of  its  acidity  than  they  do.  See  Spirit 
of  Salt  (Dulcified). 

Lately,  however,  marine  acid  has  been  applied  to  fpirit 
of  wine  in  fuch  a  manner,  that  from  their  union  remits  a 
liquor  which  has  the  diftinguifhing  properties  of  ether, 
and  is  a  true  marine  ether.  M-  Beaume^  an  able  artift,  and 
excellent  obferver,  was  the  firft  who  publifhed  that  he  had 
fucceeaed  in  making  this  combination.  His  method  was 
by  applying  the  vapors  of  highly  concentrated  marine  acid 
to  the  vapors  of  fpirit  of  wine,  by  means  of  a  convenient 
apparatus  of  vefTels.  The  detail  of  this  fine  experiment 
may  be  feen  in  his  Dtjfertation  on  Ether.  See  Ether 
(Marine). 

Afterwards,  an  illufirious  and  learned  lover  of  chemiftry  * 
has  found  a  method  of  making  marine  ether  much  mor? 
eafily,  and  more  abundantly,  by  diftilling  along  with  fpirit 
of  wine  the  fmoaking  fpirit  of  Libavius^  which  is  nothing 
more  than  highly  concentrated  marine  acid,  charged  with 
a  confiderable  quantity  of  tin,  which  it  had  carried  up 
with  it  in  diftiliation.    See  Spirit  (Smoaking)  of  Liba- 

ViUS. 

*  The  Marquis  de  Courtanvaux. 

M.  Pott,. 
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M.  Pott,  in  his  diflertation  de  acldo  falls  vrncfpr,  and? 
Gther  chemifts,  mention  the  mixture  of  fome  metallic  Talis, 
Containing  concentrated  marine  acid,  fuch  as  butter  of 
antimony  with  fpifrt  of  wine.  The  phenomena  which 
accompanied  thefe  mixtures,  mewed  that  thefe  fubftances 
re-acted  conliderably  on  each  other,  and  confequently 
might  be  intimately  combined. 

Thefe  phenomena,  and  particularly  the  eafy  production 
of  marine  ether,  by  the  fmoaking  fpirit  of  Libavius, 
prove  that  the  marine  acid  which  has  been  combined  with 
metallic  fubftances,  is  in  the  fitted:  frate  for  its  intimate 
combination  with  fpirit  of  wine,  and  for  the  formation  of 
an  ether.  Does  it  acquire  this  property,  by  depofiting 
along  with  the  metals  a  portion  of  fome  of  its  principles  ; 
for  inftance,  of  its  mercurial  earth  ;  or  by  carrying  off  fome 
of  the  principles  of  the  metals  ?  To  me  the  latter  feems 
certainly  the  method ;  and  that  the  metallic  principle 
which  it  carries  off  is  the  phlogifton  of  the  metals.  The 
beft  means  of  deciding  this  interefting  queftion,  is  to  com- 
bine the  acid  with  feveral  metallic  fubftances,  particularly^ 
with  thofe  which  contain  much  phlogifton  and  eafily  part 
with  it,  as  zinc,  regulus  of  antimony,  tin,  and  iron,  and 
then  to  feparate  the  acid  from  thefe  fubftances  •>  not  only 
to  try  whether  ether  can  be  made  by  the  acid  thus  prepared, 
but  alfo  to  afcertain  by  the  other  means  which  chemiftry 
affords,  whether  the  acid  be  really  by  this  method  combined 
with  a  portion  of  the  phlogifton  of  the  metals.  Mr.  Pott, 
as  well  as  Stahl,  affirms  a  fact  which  confirms  thefe  notions, 
and  which  well,  defences  to  be  afcertained ;.  which  is,  that 
the  properties  of  the  nitrous  acid  may  be  given  to  the  marine 
by  combining  the  latter  with  iron,  (m)  But  it  is  very  cer- 
tain, that  the  principal  difference  betwixt  thefe  two  acids 
proceeds  from  the  quantity  of  phlogifton  which  enters  as 
a  principle  into  the  compolition  of  the  nitrous.  See  Ether. 
(Marine). 

The  affinities  of  marine  acid,  according  to  Mr.  Geof- 
froy's  Table,  are  in  the  following  order :  tin,  regulus  of 
antimony,  copper,  filver,  mercury.    According  to  Mr. 

(m)  This  fact  has  not  been  ascertained  by  fome  later  chemifts, 
the  Duke  D'Ayen,  and  M.  Machy,  who,  led  by  the  authority  of 
Stahl,  have  in  vain  attempted  to  tranfmute  the  marine 'acid  into 
the  nitrous.  Neverthelefs,  Dr.  Prieftley  relates  that  Mr.  Woulfe, 
a  very  able  chemift,  has  effected  the  change  of  the  marine  into 
the  nitrous  acid,  and  alfo  of  the  nitrous  into  the  marine.  Mx* 
ferimnts  and  Qb/ervations  on  Air^  VoL  II.  /.  161, 
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Gellert,  its  affinities  are  placed  thus  :  phlogifton,  zinc, 
iron,  copper,  tin,  lead,  bifmuth,  regulus  of  antimony, 
mercury,  arfcnic.  This  Table  mews  alfo  that  it  does 
not  difiblve  gold,  and  partly  diffolves  filver  by  the  dry 
method.  (») 

ACIDS  (MINERAL).  Mineral  acids  are  thofe 
which  are  obtained  from  minerals,  or  fubftances  dug  from 
the  earth;  fuch  as  fulphur,  bitumens , alum,  felenites,  vitriols  y 
clays,  all  which  contain  vitriolic  acid;  the  nitrous  earths, 

(«)  The  affinity  of  tin  is  greater  than  that  of  copper  to  marine 
acid,  according  to  Mr.  Geoffroy's  Table,  and  lefs,  according  to 
Mr.  Gellert's  Table.  I  have  obferved  that  tin  readily  precipi- 
tates copper  from  this  acid,  and  alfo  from  aqua  regia :  Mr. 
Gellert  is  therefore  miftaken.  The  affinities  of  this,  and  alfo 
of  other  acids  to  metals,  vary  in  different  circumftances.  Thus, 
for  inftance,  although  marine  acid  unites  generally  with  copper 
or  with  iron,  preferable  to  mercury,  or  regulus  of  antimony; 
yet  if  either  of  thefe  latter  metallic  fubftances  be  added  to  a 
mixture  of  fea-falt  and  vitriol,  green  or  Jblue,  and  conliderable 
heat  applied,  the  marine  acid  of  the  fea-falt,  difengaged  from 
its  bafis  by  the  acid  of  the  vitriol,  will  not  unite  with  the  iron 
or  copper  of  the  vitriol,  but  with  the  mercury  or  regulus  of 
antimony,  and  along  with  them  will  be  raifed  by  the  force  of 
the  fire,  forming  mercury  fublimate,  or  butter  of  antimony. 

Mr.  Hellot  found,  that  by  repeatedly  drying  and  diftiiling  the 
mother  water  of  fea-falt,  more  and  more  marine  acid  could  be 
obtained  without  addition. 

Marine  acid  renders  calcareous  earths  and  metals  foluble  in 
fpirit  of  wine ;  but  it  does  not  render  volatile  alkali  foluble  in 
fpirit  of  wine,  as  nitrous  acid  does ;  nor  fixed  alkali,  as  ace- 
tous acid  does. 

Marine  acid,  together  with  burning  phlogifton,  gives  a  red- 
clim  yellow  flame.  The  marine  acid  of  mercury  corrolive  fub- 
limate, combined  with  copper,  forms  a  fufible  mafs,  which 
kindles  like  fulphur,  and  burns  with  a  blue  flame.  The  phof- 
phorus  of  Homberg,  which  is  a  combination  of  the  marine  acid 
of  fal  ammoniac  with  calcareous  earth,  to  which  a  portion  of  the 
inflammable  principle  of  the  fal  ammoniac  adheres,  is  luminous 
when  ftruck  in  the  dark.  From  thefe  fatts,  together  with  the 
preparation  of  marine  ether,  we  may  perceive  that  marine  acid 
is  capable  of  uniting  with  phlogifton,  and  that  a  marine  ful- 
phur might  probably  be  formed,  if  the  volatility  of  marine  acid 
did  not  prevent  the  application  of  heat  fufficient  for  the  forming 
of  that  combination. 

Homberg  found,  that  marine  acid  corrodes  glafs  more  than 
the  vitriolic  or  nitrous  acids.  For  the  procefs  of  obtaining 
marine  acid,  fee  Spirit  of  Salt, 
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from  which  nitrous  acid  is  obtained  ;  and  Sal-gem,  fea-falr, 
or  common  fait,  which  furnilh  marine  acid. 

There  are  then  three  mineral  acids,  the  vitriolic,  nitrous, 
and  marine.  Thefe  acids  are  generally  more  fimple,  lefs 
volatile,  more  fufceptible  of  concentration,  and  ftronger 
than  the  acids  obtained  from  animals  or  vegetables.  Hence 
their  power  of  decompofing  all  the  neutral  falts  whole 
acids  are  of  the  latter  kind,  of  difengaging  thefe  acids,  and 
of  fubftituting  themfelves  in  their  place  by  uniting  with 
the  fubftance,  which  together  with  the  animal  or  vegetable 
acid  had  formed  the  neutral  fait.  See  Acid,  Acid  (Vi- 
triolic), Acid  (Nitrous),  Acid  (Marine). 

ACID  (NITROUS).  Nitrous  acid  has  all  the 
general  properties  of  faline  acid  fubftances,  mentioned  under 
the  article  Vitriolic  Acid.  See  Acid  (Vitriolic).  But 
it  differs  from  vitriolic  acid  in  the  following'circumftances : 

1.  It -is  lighter  than  the  vitriolic.  The  weight  of  the 
moft  concentrated  nitrous  acid,  which  can  be  obtained 
by  ordinary  means,  is  to  the  weight  of  water  as  19  to  12. 
See  a  memoir  of  Mr.  Rouelle  concerning  the  inflammations 
of  oils,  in  the  Memoirs  of  the  Academy  for  the  year  1747* 

2.  It  is  of  a  yellowifh-red  flame  color. 

3.  It  is  lefs  fixed  than  vitriolic  acid,  and  cannot  there- 
fore be  ever  obtained  in  a  concrete  form,  when  unmixed. 

4.  It  perpetually  exhales  in  vapours  of  the  fame  color 
as  itfelf. 

5.  Its  fmelland  tafte  are  peculiar  and  diflinguiming. 

6.  When  highly  concentrated,  it  ftrongly  attracts  the 
moifture  of  the  air,  but  lefs  ffxongly  than  vitriolic  acid 
highly  concentrated. 

7.  When  concentrated  nitrous  acid  is  mixed  with  water, 
a  confiderable  heat  and  ebullition  are  produced  from  the 
activity  with  which  thefe  two  fubflances  combine.  While 
they  are  mixing,  a  Angular  and  curious  phenomenon  appears, 
which  is,  that  the  liquor  aflumes  a  blue  or  deep  green  color, 
while  the  vapors  continue  frill  of  their  original  yellowifh 
red.    M.  Beaume  has  made  this  obfervation. 

This  blue  color,  as  the  fame  chemift  has  remarked,  dis- 
appears in  a  few  days,  if  the  nitrous  acid  has  been  diluted 
with  much  water. 

Concentrated  nitrous  acid  is  very  corrofive.  It  tinges  the 
ikin  with  a  yellow  color,  which  does  not  difappear  till 
the  epidermis  comes  off.  It  is  fuccefsfully  employed  to 
corrode  and  gradually  deftroy  warts,  and  uninfiamed,  in- 
dolent tumors. 

if 
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If  the  opinion  of  Becker,  Stahl,  Junker,  and  all  the 
fcholars  of  Stahl  be  true,  that  there  is  only  one  primitive 
acid,  whence  the  reft  are  formed  ;  and  that  this  moft  fimple 
acid,  the  principle  of  all  others,  is  the  vitriolic,  then  it 
follows  that  nitrous  acid  is  nothing  elfe  than  vitriolic  acid, 
changed  by  the  union  of  fome  other  principle.  Further, 
thefe  chemifts  think  that  nitrous  acid  is  formed  from  the 
vitriolic,  combined,  by  means  of  the  putrid  fermentation, 
with  a  certain  quantity  of  phlogifton.  To  prove  their 
opinion,  they  give  the  following  reafons  : 

1.  That  the  nitrous  acid  is  obtained  from  nothing  elfe 
than  materials  impregnated  with  putrid  juices  of  animal 
and  vegetable  fubftances,  which  are  known  to  abound  with 
phlogifton  :  whereas  vitriolic  acid  exifts  in  moil  minerals,' 
and  in  the  ver^earths  and  ftones,  which  are  fitteft  to  form 
a  matrix  for  the  generation  of  nitrous  acid. 

2.  There  is  a  great  analogy  betwixt  thofe  properties  of 
the  nitrous  and  volatile  vitriolic  acids,  by  which  each  of 
thefe  acids  differs  from  vitriolic  acid ,  and  volatile  vitriolic 
acid  is  evidently  vitriolic  acid  changed  by  union  with 
phlogifton. 

This  volatile  vitriolic  acid  differs  from  vitriolic  acid  by 
its  volatility,  by  its  fmell,  by  its  weaker  adhefion  to  alka- 
line falts,  by  the  greater  folubility  and  different  form  of 
the  cryftals  refulting  from  its  union  with  alkaline  falts. 

But  thefe  properties  are  the  fame  which  diftinguifh 
nitrous  acid  from  the  vitriolic.  Befides,  the  volatile 
vitriolic  and  nitrous  acids  referable  each  other,  and  differ 
from  vitriolic  acid  in  the  following  refpe&s  :  I.  They  pro- 
duce a  much  greater  alteration  on  the  colors  of  vegetables 
than  the  vitriolic  does:  and,  2.  The  falts  formed  by  their 
combination  with  fixed  alkali  referable  each  other,  and 
are  equally  different  from  vitriolated  tartar. 

Several  new  interefting  experiments  might  be  made  to 
determine  more  particularly  the  analogy  betwixt  the  vola- 
tile vitriolic  and  nitrous  "acids.  The  fait  refulting  from 
the  combination  of  volatile  vitriolic  acid  and  abforbent 
earths  might  be  examined,  in  order  to  difcover  whether  it 
be  deliquefcent,  like  the  fait  from  the  combination  of  the 
fame  earth  with  nitrous  acid,  and  in  what  other  circum- 
itances  thefe  two  falts  refemble  each  other,  and  differ  from 
the  vitriolic  fait  with  earthy  bafe,  or  felenites.  This 
inquiry  would  be  ffill  more  interefting,  as  the  nitrous  falts 
with  earthy  bafes  have  alfo  been  little  examined.  See 
Salts  (Nitrous)  with  Earthy  Bases. 

3  Nitrous 
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Nitrous  acid  is  one  of  the  moft  powerful  menftruums  in 
chemiftry  :  not  that  it  is  the  ftrongeft  acid ;  for  in  ftrengtti 
it  is  inferior  to  vitriolic  acid,  and  even  in  certain  circum- 
ftances to  marine  acid  :  but  on  account  of  the  facility,  of 
the  quicknefs,  and  of  the  activity  with  which  it  diflblves' 
moft  fubftances. 

The  bodies  upon  which  it  acts  moft  forcibly  are,  phlo- 
gifton,  alkalis  fixed  and  volatile,  metallic  fubftances  and 
earths,  particularly  of  the  calcareous  and  abforbent  kinds. 

Nothing  can  equal  the  impetuofity  with  which  nitrous 
acid  joins  itfelf  to  phlogifton.  It  is  fo  great,  that  probably 
nitrous  acid  has  a  ftronger  affinity  with  phlogifton  than 
the  vitriolic  has  :  and  it  is  probable  too,  that  this  proceeds 
from  the  phlogifton  being  one  of  the  principles  of  nitrous 
acid. 

The  phenomena  exhibited  by  nitrous  acid  with  all  matters 
containing  phlogifton,  are  different  according  to  the  ftate 
of  thefe  matters,  and  of  the  acid  itfelf. 

When  the  phlogifton  of  the  fubftances  applied  to  nitrous 
acid  is  in  fmall  quantity,  and  inveloped  in  much  unin- 
flammable matter,  and  when  the  nitrous  acid  is  diluted  in 
much  water,  from  which  it  cannot  difengage  itfelf  in  the 
act  of  combination,  then  it  diftblves  thefe  fubftances  always 
with  more  facility,  quicknefs,  and  activity  than  the  other 
acids,  all  circumftances  being  fuppofed  alike;  but  it  dif- 
folves  them  without  being  itfelf  decompofed,  and  forms  along 
with  them  new  combinations.    But  when  the  fubftances 
to.  which  the  nitrous  acid  is  applied,  contain  much  phlo- 
gifton, as  fulphur,  oils,  charcoal,  and  many  metallic  matters; 
and  when  the  nitrous  acid  is  dephlegmated  as  much  as  is 
poflible  ;  or  when  it  can,  in  the  very  act  of  combination, 
become  dry,  and  receive  at  the  fame  inftant  the  heat  of  igni- 
tion, whether  this  heat  be  applied  to  it,  or  it  be  generated 
by  the  violence  of  the  re-action  ;  then  does  the  nitrous  acid, 
in  this  ftate  of  heat  and  drynefs,  combine  intimately  with 
the  phlogifton,  and  form  with  it  a  kind  of  fulphur  or  nitrous 
phofphorus,  which  is  inftantaneoufly  inflamed  and  decompofed 
in  fuch  a  manner,  that  not  only  the  phlogifton,  but  alfo 
the  nitrous  acid  itfelf,  is  entirely  burnt  and  deftroyed.  And 
this  combuftion  is  effected  differently  from  all  others,  with- 
out the  neceflity  of  accefs  of  air.   Hence  the  inflammations, 
the  detonations,  the  explofions,  which  always  happen  when 
all  thefe  circumftances  concur.  §ee  Detonation  ^Nitre 
with  fulphur,  tsfV.  Gunpowder,  Fulminating  Powder, 
Fulminating  Gold,  Inflammation  of  Oils. 
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Nitrous  acid  forms  with  fixed  vegetable  alkali  a  neutra! 
cryftallizable  fait,  called  nitre,  or  falt-petre.  .  See  Nitre. 

With  marine  or  fomle  alkali  it  forms  a  cryftallizable  fait, 
called  cubic,  or  quadrangular  nitre,  from  the  figure  of  the 
cjyftalsi    See  Nitre  (CuEttc). 

With  volatile  alkali  it  forms  a  neutral  fait,  capable  o£ 
cryftallizing,  called  ammoniacal  nitre,  or  nitrous  fal  ammoniac. 
This  fait  has  the  property  of  detonating  without  addition 
of  phlogifton,  becaufe  phlogifton  is  contained  in  the  volatile 
alkali.    See  Ammoniac  (Nitrous). 

Nitrous  acid  diftblves  with  much  facility  and  readinefs 
all  calcareous  and  abforbent  earths,  and  forms  with  them 
neutral  faks  not  capable  of  crystallization ;  undoubtedly 
becaufe  of  the  fmall  adhefion  of  this  acid  with  the  earths. 
Thefe  falts,  when  dryed  and  expofed  to  the  air,  deliquiate 
or  melt  into  a  liquor.  They  are  called  nitre  with  earthy 
lafe,  or  nitrous  felenites. 

The  action  of  nitre  upon  other  earths  is  not  yet  well 
known.    See  Nitre  with  Earthy  Basis. 

Nitrous  acid  attacks  and  dilTolves  in  general  all  metallic 
fubftances,  gold  and  platina  excepted,  which  it  alfo  dif- 
folves  when  it  is  united  with  marine  acid  ;  and  the  marine 
acid  is  likewife  incapable  of  diflblving  thefe  metals  without 
the  afiiftance  of  nitrous  acid. 

The  phenomena  prefented  by  nitrous  acid  in  metallic 
folutions  are  very  numerous.  The  particulars  may  be  feen 
under  the  articles  of  each  metal.  We  fhall  only  here  make 
fome  general  obfervations  upon  this  fubject. 

1.  Nitrous  acid,  in  diflblving  metallic  fubftances,  emits 
a  great  quantity  of  red  vapors ;  and  cateris  paribus,  pro- 
duces more  heat  than  when  it  diftblves  alkaline  falts  or 
earths ;  which  can  only  be  attributed  to  the  phlogifton  cf 
metallic  fubftances. 

2.  There  are  metallic  fubftances  with  which  nitrous  acid 
forms  falts  capable  of  cryftailization  and  detonation.  Such 
are  particularly  filver,  lead,  mercury,  and  bifmuth.  With 
moft  other  metals,  as  with  copper,  tin,  iron,  and  regulus 
of  antimony,  it  forms  deliquefcent  metallic  falts,  which 
partly  are  decompofed  fpontaneoully  by  the  feparation  of 
the  metallic  part.  This  difference  proceeds  from  the  greater 
or  lefs  quantity  of  phlogifton,  which  the  nitrous  acid  takes 
from  the  metals  in  folution.  Thofe  metals  from  which 
it  takes  little  phlogifton,  form  with  it  more  intimate  com- 
binations, becaufe  they  retain  a  good  deal  of  that  principle 
which  is  the  medium  of  union  betwixt  their  earth  and  the 
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acid.  On  the  contrary,  the  folution  of  the  metals  from 
which  this  acid  takes  much  phlogifton,  is  attended  with 
much  more  ebullition  and  violence :  and  when  the  acid 
is  ftrong,  when  the  quantities  of  the  acid  and  metal  are 
large,  and  the  metal  reduced  to  filings  or  grains,  then  the 
heat,  the  ebullition,  and  the  exhalation  of  vapors  are  car- 
ried to  their  higheft  point,  almoft  to  inflammation,  it  is 
even  probable  that  a  real  inflammation  might  be  produced, 
if  the  experiment  were  pufhed  far  enough. 

A  remarkable,  phenomenon,  which  has  not  been  attended 
to,  is,  that  the  metals  from  which  nitrous  acid  takes  leaft 
phlogifton,  are  thofe  which  form  with  it  the  moft  corrofive 
ialts ;  fo  that  mercurial  nitre  and  the  nitre  of  lead  are  true 
poifons.  This  remark  may  help  to  explain  the  corrofive 
quality,  or  caufticity,  which  the  combinations  of  the  mi- 
neral acids  with  metallic  fubftances  generally  have.  Sea 
Causticity. 

Nitrous  acid  is  eafily  combined  with  all  oils,  and  with  all 
oily  and  inflammable  matters.  It  acts  upon  thefe  matters 
more  flowly  and  weakly,  in  proportion  as  it  is  more  diluted 
with  water.  It  thickens  them,  and  forms  with  th  m 
refinous  or  faponaceous  compounds,  according  to  their 
nature  and  the  proportion  of  the  acid.  When  the  acid 
is  very  concentrated,  it  burns  and  inflames  them.    See  In- 

FLAI^MATION  &f  OlLS. 

It  eafily  unites,  even  when  much  diluted  with  water, 
with  fpirit  of  wine.  It  combines  intimately  with  that  fub- 
ftance,  and  thereby  lofes  much  of  its  acidity.  It  is  then 
called  fpirit  of  nitre  dulcified ;  which  fee. 

With  proper  proportions  and  management,  it  changes 
part  of  the  fpirit  of  wine  into  a  liquor  which  lias  the  prin- 
cipal properties  of  vitriolic  ether.   See  Ether  (Nitrous). 

The  affinities  of  nitrous  acid  are,  according  to  Mr, 
GeofTroy's  Table,  iron,  copper,  lead,  mercury,  filver  :  and 
according  to  Mr.  Gellert,  phlogifton,  zinc,  iron,  regulus 
of  cobalt,  copper,  bifmuth,  lead,  mercury,  regulus  of  anti- 
mony, filver,  arfenic,  and  tin.  The  tin  is  there  faid  to 
be  only  partly  foluble,  undoubtedly  becaufe  of  the  abundant 
precipitation  of  the  earth  of  the  tin,*  which  the  nitrous  acid 
deprives  of  its  phloeifton,  and  in  fome  fort  ca  cines  rather 
than  difTolves.    See  Tin.  (g) 
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(o)  Nitrous  acid  forms  with  copper,  a  green  ;  with  iron,  a  red* 
diih ;  with  lead,  a  yellow ;  and  with  fih'er,  bifmuth,  mercury, 
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ACID  (PHOSPHORIC).    See  Phosphorus. 

ACID  (VOLATILE  SULPHUREOUS),  or 
(Volatile  Vitriolic).  This  is  nothing  elfe  than  vi- 
triolic acid  diluted  with  water,  and  weakly  united  to  the 
inflammable  principle.  The  properties  of  this  acid  arc 
then  the  fame  efjentially  as  thofe  of  vitriolic  acid.  See  Acid 
(Vitriolic).  But  the  phlogifton  which  is  united  with 
the  volatile  acid  makes  it  differ  confiderably  from  the  pure 
vitriolic  acid. 

It  differs  from  vitriolic  acid,  i.  By  its  fmell,  which  is  fo 
active  and  penetrating,  that  it  can  inftantaneoufly  fuffocate 
and  kill  animals.  This  fmell  is  the  fame  as  that  of  lighted 
fulphur.  As  vitriolic  acid,  when  pure  and  free  from  phlo- 
gifton, has  no  fmell,  it  appears  that  the  fmell  of  volatile 
vitriolic  acid  is  caufed  by  its  phlogifton ;  and  this  is  one 
of  the  beft  proofs  of  the  opinion  of  Stahl  and  other  che- 
mifts,  who  think  that  phlogifton  is  the  principle  of  all 
odors.  This  opinion  will  appear  even  demonftrated,  when 
we  confider  that  no  odoriferous  fubftance  can  be  found,  in 
which  it  is  not  eafy  to  ftiew  the  prefence  of  phlogifton. 
See  Phlogiston. 

2.  The  volatile  acid  differs  from  the  vitriolic  by  its  vo- 
latility. The  latter  is  the  moft  fixed  of  the  mineral  acids, 
and  is  for  that  reafon  the  moft  fufceptible  of  concentration  : 
but  the  volatility  of  the  former  is  fo  great,  that  it  cannot 
be  much  concentrated.  This  property  proves  that  phlogif- 
ton is  a  principle  effentially  volatile. 

3.  The  volatile  acid  is  infinitely  weaker  than  vitriolic 
acid ;  not  only  becaufe  it  cannot  be  fo  much  concentrated, 
but  alfo  by  its  combination  with  phlogifton  it  is  rendered 
lefs  fimple,  and  confequently  lefs  capable  of  affinity  with 

and  zinc,  colorlefs  folutions.  Tin  it  difTolves  imperfectly,  and  it 
corrodes  regulus  of  antimony  to  a  white  powder.  With  regulus 
of  cobalt  it  forms  a  red,  and  with  nickel  a  green  folution.  It 
diffolves  arfenic,  and,  according  to  Henckel  and  Neuman, 
forms  with  it  a  gum-like  fubftance.  Dr.  Brandt  found  that  by 
particular  management  it  can  diffolve  gold.  See  Gold.  It  has 
little  effect  on  metallic  calxes. 

Nitrous  acid  combine'd  with  chalk  forms  the  phofphorus  of 
Baldwin.  See  Phosphoric  Stones.  Cohobated  and  diftilled 
with  quicklime,  it  emitted  an  inflammable  vapor.  See  Mr.  Potfs 
Difcrtation  on  the  Solution  of  Quicklime  by  Nitrous  Acid,  With  ice 
this  acid  produces  cold  remarkably.  Concerning  the  origin  of 
nitrous  acid,  fee  Nitre  and  Salt ;  and  for  the  procefs  of  ob- 
taining it,  fee  Spirit  of  Nitre. 
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ether  bodies.  Therefore,  the  neutral  falls  formed  by  it 
with  alkalis,  are  eafily  decompofed  by  vitriolic  acid,  and 
alfo  by  all  other  acids,  even  the  weakeft  amongft  the  vege- 
table. 

4.  The  neutral  fait  which  refults  from  the  union  of 
volatile  vitriolic  acid  and  fixed  alkali,  differs,  much  from 
vitriolated  tartar  with  refpeel:  to  the  figure  of  its  cryftals, 
which  are  long  and  needle-like,  arranging  themfelves  to- 
gether in  form  of  tufts  or  fhrubs.  Its  tafte  alfo  is  different 
from  that  of  vitriolated  tartar,  and  it  is  more  folubie  in 
water :  all  thefe  properties  fhew  in  a  neutral  fait  the  weak 
union  of  its  acid  and  bafe.  This  fait  is  called  the  fulpbu* 
reous  fa!tof$TAHL.    See  Salt  (Sulphureous). 

5„  The  action  of  the  volatile  vitriolic  acid  is  much  more 
evident  than  of  vitriolic  acid  upon  the  colors  of  vegetables, 
as  appears  by  pouring  an  equal  quantity  of  each  of  the  two 
acids  into  the  tincture  of  violets,  or  of  heliotrope,  of  coche- 
nille,  Brafil  wood,  &c.  In  all  thefe  inftances,  the  tinctures 
into  which  volatile  vitriolic  acid  has  been  poured,  will  have 
loft  much  more  of  the  intenfity  of  their  colors  than  the 
other  tinctures ;  that  is  to  fay,  their  colors  will  be  more 
changed,  enlivened,  and  heightened.  This  effect:  is  pro- 
duced to  fuch  a  degree  by  this  acid,  that  it  deftroys  moil 
colors,  and  makes  them  difappear  entirely  in  time.  This 
property  renders  it  very  ufeful  in  feveral  arts,  by  giving  to 
certain  matters,  for  inftance  to  wools  and  fdks,  a  degree  of 
whitenefs  to  which  they  could  not  be  otherwife  brought. 
For  this  purpofe,  thefe  matters  are  expofed  in  a  clofe  place 
to  the  fumes  of  burning  fulphur,  from  which,  as  we  mall 
afterwards  fee,  much  of  this  acid  exhales.    See  Sulphur. 

Although  volatile  vitriolic  acid  differs  eflentially  from 
nitrous  acid,  fince  the  former  is  nothing  elfe  than  vitriolic 
acid  difguifed  by  the  addition  of  phlogiilon,  which  is  but 
weakly  united  to  it;  neverthelefs,  it  is  neceffary  to  remark, 
that  all  the  properties  now  recited  of  the  volatile  acid,  make 
it  refemble  nitrous  acid  as  much  as  they  diftinguim  it  from 
vitriolic  acid.  From  this  remark  may  be  drawn  one  of  the 
ftrongeft  prefumptions  in  favor  of  Stahl's  opinion  concern- 
ing the  nature  of  nitrous  acid.  This  great  chemiff  thinks, 
that  vitriolic  acid,  which  he  therefore  calls  the  univerfal acidy 
is  the  principle  of  all  other  acids,  and  the  moft  fimple  of  all. 
He  thinks  that  nitrous  acid  particularly  is  nothing  elfe  than 
vitriolic  acid  combined  by  means  of  putrefaction  with  a 
certain  quantity  of  phlogifton  ;  but  in  a  manner  very  dif- 
ferent, and  infinitely  more  intimately  than  the  phlogifton  is 
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combined  in  volatile  vitriolic  acid.  For  this  latter  com- 
bination is  fo  weak,  that  it  is  decompofed  by  contact  of  air  • 
fo  that  the  moft  ftrong  and  penetrating  volatile  vitriolic 
acid,  by  expofure  in  open  vefTels,  lofes  in  a  little  time  all 
its  fmell  and  volatility,  and  becomes  entirely  fimilar  to  a 
pure  and  weak  vitriolic  acid.  The  fame  phenomenon  takes 
place  when  the  volatile  acid  is  combined  with  an  alkali. 
Hence  the  fulphureous  fait  of  Stahl,  expofed  for  a  while  to 
free  air,  lofes  all  the  properties  which  tliftinguiih  k  from 
vitriolated  tartar,  and  becomes  no-wife  different  from  it. 

The  i  rue  reafon  of  the  weaknefs  of  adhefion  of  the  phlo* 
gifton  in  volatile  vitriolic  acid,  is  the  prefence  of  the 
aqueous  principle,  above  the  quantity  of  water  efTential  to 
vitriolic  acid.  This  principle  always  refills  a  ftrong  and 
intimate  union  of  phlogifton  with  any  body. 

This  is  fo  true,  that  if  vitriolic  acid  deprived' of  all  water 
except  what  is  eflential  to  it,  be  applied  to  any  matter  con- 
taining phlogifton,  volatile  vitriolic  acid  is  not  then  pro- 
duced, but  true  fulphur,  in  which  the  phlogifton  adheres 
more  ftrongly.  See  Sulphur.  On  the  contrary,  when  a 
vitriolic  acid,  overcharged  with  fuperfluous  water,  is  com- 
bined with  a  matter  containing  phlogifton,  volatile  vitriolic 
acid  i^  conftantiy  produced,  and  never  fulphur,  except  that 
in  the  very  act  of  combination  the  vitriolic  acid  be  deprived 
of  all  its  fuper-abundant  water. 

The  great  facility  which  vitriolic  acid  has  to  combine 
-with  phlogifton,  even  when  fuperfluous  water  is  mixed  with 
it,  furnifhes  many  methods  of  producing  abundantly  this 
volatile  vitriolic  acid. 

Stahl  propofes  two.  The  firft  is,  by  burning  fulphur  as 
{lowly  and  gently  as  poflible.  The  acid  which  exhales 
in  this  operation  is  very  volatile,  very  phlogifticated,  and 
very  fuffocating ;  for  two  reafons  :  i.  Becaufe  of  the  little 
activity  with  which  the  fulphur  burns,  the  inflammable 
principle  is  not  entirely  confumed,  but  a  portion  of  it 
remains  united  to  the  acid:  and,  2.  Becaufe  when  the 
vitriolic  acid,  which  in  fulphur  is  in  its  higheft  degree  of 
concentration,  and  even  in  a  ftate  of  perfect  drynefs,  di  fen- 
gages  itfelf  by  degrees,  during  the  flow  burning- of  the 
fulphur  ;  it  finds  in  the  air  a  portion  of  water  which  it 
greedily  ferzes,  and  which  renders  it  fit  to  be  changed  with 
the  remaining  phlogifton  into  volatile  vitriolic  acid.  When 
fulphur  is  burnt  haftilyand  ftrongly,  little  or  no  volatile 
vitriolic  acid  is  produced,  principally  becaufe  then  almoft  sll 

 the 
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the  inflammable  principle  of  the  fulphur  is  deftroyed  by  this 
perfect  inflammation. 

This  firft  method  of  obtaining  the  volatile  vitriolic  acid  is 
the  beft  and  eafieft,  when  it  is  not  intended  to  colledt  it,  but 
to  apply  it  to  fome  body  as  foon  as  it  is  produced  j  as,  for 
example,  to  kill  infects  or  noxious  animals,  to  whiten  wools 
and  filks,  to  fulphurate  wines,  or  to  produce  the  fulphure- 
ous  fait  of  Stabl.  See  Salt  (Sulphureous).  See  alfo 
Sulphur.  But  this  method  is  improper  for  collecting 
the  volatile  acid,  becaufe  fulphur  cannot  burn  in  clofe 
vefiels. 

The  fecond  method  propofed  by  Stahl  for  obtaining  the 
volatile  vitriolic  acid,  is  by  diftilling  green  or  martial  vitriol 
in  a  cracked  retort,  to  which  a  receiver  is  properly  luted. 
By  this  method  a  considerable  quantity  is  produced  and 
collected;  becaufe,  I.  The  phlegm  of  the  martial  vitriol 
fupplies  the  neceftary  water  to  the  vitriolic  acid ;  and, 
2.  Enough  of  the  phlogifton  of  the  burning  coals  paries 
through  the  crack  of  the  veflel,  to  form  volatile  vitriolic 
acid.  This  method,  though  very  good  in  itfelf,  is  fubject 
to  a  very  great  inconveniency  in  practice ;  which  is,  that 
when  cracked  retorts  are  expofed  to  the  fire  with  the  greateft: 
caution,  they  are  very  apt  to  break  ftill  more,  and  entirely 
to  fall  in  pieces,  by  which  the  operation  is  fpoiled. 

This  inconveniency  may  be  avoided  by  diftilling  in  a 
good  retort,  not  cracked,  a  mixture  of  vitriolic  acid,  or  fub- 
ftance  containing  it,  and  any  matter  capable  of  /urniming 
at  once  water  and  phlogifton.  Thus  fpirit  of  wine,  oils, 
fat,  refins,  &c.  mixed  and  diftilled  with  vitriolic  acid,  can 
always  furnifli  a  good  quantity  of  ftrong  volatile  vitriolic 
acid.    See  Oil  and  Ether  (Vitriolic). 

This  acid  ought  to  be  kept  in  glafs  bottles,  clofed  exactly 
with  glafs  (toppers ;  and  to  be  as  little  as  poffible  expofed 
to  air,  becaufe  vapors  always  exhale  from  it  when  fo  ex- 
pofed, by  which  its  ftrength  is  impaired  from  the  diflipation 
of  part  of  its  phlogifton. 

This  great  facility  which  the  phlogifton  has  to  feparatc 
itfelf  from  volatile  vitriolic  acid,  is  the  caufe  of  the  exceed- 
ing difficulty,  and  even  impoftibility  of  determining  precifely 
the  quantity  of  phlogifton  neceflary  to  convert  any  given 
Quantity  of  vitriolic  acid  into  volatile  vitriolic  acid.  In 
general,  we  know  that  very  little  is  required  ;  a  fingle  drop 
of  oil  being  capable  of  converting,  by  diftillation,  a  large 
quantity  of  vitriolic  acid  into  very  ftrong  volatile  acid. 
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It  is  no  lefs  difficult  to  determine  certainly  and  precifely 
the  properties  of  this  acid  as  a  menftruum  of  different  fub- 
ftances  ;  as,  for  example,  earths  and  metals.  This  difficul- 
ty alfo  proceeds  from  the  facility  with  which  it  parts  with 
its  phlogifton,  and  confequently  changes  its  nature,  which  it 
does  more  or  lefs  in  the  acl:  of  combination  with  the  fub7 
fiances  which  it  diffolves.  It  is  an  acid  perpetually  chang- 
ing, and  which  we  cannot  be  certain  of  having  the  fame  at 
different  times. 

Thefe  difficulties  ought  not  to  prevent  trials  of  fuch  com- 
binations, hitherto  little  known.  Becaufe  in  an  important 
and  effential  enquiry,  which  may  throw  new  light  upon  the 
theory  of  acids  and  phlogifton,  even  approximations  become 
important  and  effential. 

ACID  (TARTAREOUS).  See  Tartar,  and 
Cream  of  Tartar. 

ACIDS  (VEGETABLE).  All  acids  obtained  from 
vegetable  matters  are  fo  called.  Such  are  the  juices  of  four 
fruits,  wine  turned  four,  or  vinegar ;  cryftals  of  tartar  ;  all 
the  effential,  acid,  concrete  falts,  procured  by  cryftalliza- 
tion  from  the  expreffed  juices  of  plants;  and  laftly,  all  the 
acids  obtained  from  vegetable  fubftances  in  analyfing  them 
by  diffillation. 

Thefe  acids  differ  from  mineral  acids  in  being  lefs  fimple^ 
lefs  fixed,  lefs  fufceptible  of  concentration,  and  weaker  ^ 
qualities,  which  proceed  from  their  union  with  a  certain 
quantity  of  oil,  with  which  they  are  fo  intimately  com- 
bined, that  they  cannot  be  feparated  from  it  but  by  very 
nice  and  ftudied  operations.  Hence  all  the  neutral  falts 
formed  by  thefe  acids  may  be  decompofed,  either  by  the 
mere  action  of  the  fire,  or  by  any  mineral  acid  whatever. 

The  particulars  of  what  is  here  advanced  in  general  on 
their  properties  and  principles,  may  be  feen  ynder  the  ar- 
ticles of  the  principal  vegetable  acids. 

ACID  (V  ITRIOLIC)  was  fo  named,  becaufe,  for- 
merly, it  was  chiefly  obtained  from  martial  vitriol.  It  is, 
according  to  the  very  probable  opinion  of  Becker  and  of 
Stahl,  the  fimplefl  of  all  acids,  and  confequently  the  fim- 
plefl  of  all  faline  fubftances.  When  ft  is  as  pure  as  can  be 
obtained,  it  is  entirely  free  from  fmell  and  color ;  that  is 
to  fay,  in  thefe  refpecls,  it  refembles  water. 

It  poffeffes  mod  eminentlyall  the  properties  characlerifing 
faline,  and  particularly  acid  fubftances. 

It  taftes  exceedingly  four,  and  it  fets  the  teeth  on  edge. 
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It  changes  to  red  the  color  of  fyrup  of  violets,  of  tine? 
ture  of  heliotropium,  &c. 

It  is  very  fufceptible  of  concentration ;  that  is,  much  of 
the  water  unneceffary  to  its  faline  effence  may  be  raifed  by 
diftillation.    See  Concentration. 

The  fpecific  gravity  of  this  acid,  when  much  concen- 
trated, is  very  great.  It  is  more  than  double  the  fpecific 
gravity  of  water,  fometimes  as  17  to  8,  and  perhaps  might 
be  further  concentrated.  M.  Hellot,  in  pulhing  ftrongly 
the  diftillation  of  martial  vitriol,  obtained  towards  the  end 
of  the  operation  a  vitriolic  acid  fo  concentrated,  that  it  was 
folid  and  cryftalline.  Some  chemifts  have  given  to  vitriolic 
acid  fo  concentrated  as  to  become  concrete,  the  name  of 
Glacial,  or  Icy  Oil  of  Vitriol. 

Vitriolic  acid  highly  concentrated  is  lefs  fluid  than  water. 
It  pours  ropey  like  oil,  and  feels  to  the  fingers  greafy. 
Thefe  two  laft  properties  have  occafioned  the  ancient  che- 
mifts to  call  it  Oil  of  Vitriol.  This  name  is  very  improper, 
fince  it  is  not  inflammable,  nor  has  any  peculiar  properties 
of  oils.  See  Oils.  Its  oily  confiftence  is  owing  to  the  great 
approximation  of  its  parts,  and  its  apparent  un£tuofity  pro- 
ceeds from  the  fame  caufe ;  joined  to  this,  that  as  it  is  a 
very  powerful  diflblvent,  it  attacks  and  diflblves  effectually 
a  portion  of  the  unctuous  fubftance  of  the  fkin  which  it 
touches. 

The  very  ftrong  and  concentrated  vitriolic  acid  is  not 
pnly  much  heavier,  but  alfo  much  more  fixed  than  water- 
Hence  it  is  capable  of  receiving,  when  expofed  to  fire,  a 
degree  of  heat  greatly  fuperior  to  that  of  boiling  water,  and 
which  almoft  amounts  to  a  red  heat. 

This  acid,  when  well  concentrated,  (which  we  fuppofc 
here  all  along)  unites  with  water  with  an  aftonifhing  activity 
and  impetuofity.  If  two  or  three  ounces  of  it  be  mixed  with 
as  much  pure  and  cold  water,  the  re-a&ion  of  thefe  two 
fubftances  on  each  other  is  fo  ftrong,  that  inftantly  a  boiling 
arifes,  attended  with  many  vapors,  and  a  noife  fimilar  to 
that  of  red-hot  iron  plunged  into  water.  The  heat  refult- 
ing  from  the  re-action  of  thefe  two  cold  liquors  is  fo  great, 
that  in  an  inftant  it  equals,  and  even  much  furpafTes  the 
heat  of"  boiling  water.  Some  chemifts  have  attributed  this 
heat  to  a  difengagement  of  the  igneous  particles  contained 
in  vitriolic  acid.  This  is  not  true,  except  they  only  mean 
the  igilfcous  particles  contained  in  this  acid,  as  in  all  other 
fubftances,  and  which  are  fet  in  motion  by  all  collifions  ; 
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but  not  any  fu peranum] ant  igneous  particles  peculiar  to  this 
acid,  fince  no  experiment  demonftrates  their  exiftence. 

The  concentrated  vitrolic  acid,  expofed  to  the  atmofphere, 
attracts  moilture  fo  much,  that  its  bulk  is  confiderably  en- 
creafed,  and  it  becomes  mixed  with  twice  its  weight  of  wa- 
»er.  (p). 

It  may  be  combined  with  the  inflammable  principle  or 
phlogirton,  and.  thereby  form  two  compounds?  differing 
from  each  other  in  the  quantity  of  phlogifton,  and  in  the 
clofenefs  of  the  union. 

The  firir,  which  is  the  refult  of  a  combination  of  weak 
vitriolic  acid  with  a  fmall  quantity  of  phlogifton,  is  called 
volatile  fulphureous  acid,  or  volatile  vitriolic  acid.  See  Acid 
(Sulphureous);  and  the  fecond,  which  arifes  from  an 
intimate  union  of  vitriolic  acid,  freed  from  all  water  above 
what  is  neceiTary  to  its  eflence  as  a  faline  fubftance,  with 
about  a  feventh  part  of  its  weight  of  pure  phlogifton,  is 
called  Sulphur.    See  Sulphur. 

Earths  are  more  or  lefs  foluble  by  vitriolic  acid,  accord- 
ing to  their  natures  ;  and  form  with  it  different  falts,  or 
earthy  faline  compounds  of  different  properties,  according 
to  the  kinds  of  earth  employed.  Particular  management  is 
requifite  to  combine  vitrinable  earths  with  vitriolic  acid  : 
and  the  falts  refulting  from  their  combination  have  not  yet 
been  fufficiently  examined.  See  Vitrifiable  Earths  and 
Liquor  a/Flints. 

Calcareous  earths  may  be-  difiblved  without  any  previous 
preparation  by  vitriolic  acid.  This  folution  is  made  with 
moderate  effervefcence ;  and  from  this  combination  refults 
an  earthy  faline  compound,  fufceptible  of  cryftallization, 
whofe  principles  are  fo  intimately  combined,  that  the  faline 
properties  of  the  vitriolic  acid  are  almoft  entirely  hid  an<f 
covered  by  thofe  of  the  earth  which  is  the  prevailing  prin- 
ciple (fee  Affinity)  ;  fo  that  this  neutral  vitriolic  fait  with 

(p)  Dr.  Gould  relates,  that  three  drams  of  concentrated  vitrio- 
lic acid  acquired  by  imbibing  moifture  from  the  air,  in  57  days, 
an  increafe  of  fix  drams  and  a  half ;  and  that  in  general  this  acid 
acquires  increafe  of  weight  in  a  compound  ratio  of  the  largenefs 
of  the  furface  expofed,  and  of  the  humidity  of  the  atmofphere. 
Neuman  found  that  an  ounce  of  this  acid,  by  expofure  to  air 
during  a  year,  had  imbibed  more  moifture  than  fix  times  its  ori- 
ginal weight.  For  the  method  of  obtaining  this  acid,  fee  Spirit 
^Sulphur,  Clyssus  c,^  Sulphur,  and  Concentration  of 
Vitriolic  Acid. 

earthy 
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earthy  bafis  has  no  fenfible  tafte,  and  is  fcarcely  foiuble  in 
water :  according  to  Mr.  Baume's  experiment,  one  grain 
only  of  it  could  be  diffolved  in  an  ounce  of  water.  This 
want  of  faline  properties,  which  appears  common  to  all  vi- 
triolic falts  with  bafes  of  calcareous  earth,  has  occafioned 
them  to  be  diftinguifhed  by  the  name  of  Selenites,  from 
other  combinations  whofe  faline  properties  are  more  obvious. 
See  Selenites. 

Alum  is  a  vitriolic  fait  with  earthy  bafis,  but  it  differs 
confiderably  from  Selenites.  This  difference  proceeds  from 
the  nature  of  its  earthy  bafis?  which  is  not  calcareous,  but 
argillaceous.    See  Alum. 

Vitriolic  acid  may  be  combined  and  faturated  with  vege- 
table fixed  alkali  :  and  from  this  combination  is  formed  a 
neutral  fait,  capable  of  being  cryftallized,  bitter,  hard,  and 
not  eafily  foluble  in  water.  Several  names  were  given 
to  this  fait  from  the  feveral  fubfrances  whence  its  alkaline 
bafis  was  extracted,  at  a  time  when  thefe  alkalies  were  fup- 
pofed  to  differ  from  each  other.  Thefe  names  are,  Sal  de 
duobus\  vitriolated tartar ;  arcanum  duplicatum.  Sec  thefe  words , 
and  Alkali  (Vegetable). 

With  the  alkaline  bafis  of  fea  fait,  called  marine  or  foffile 
alkali,  the  vitriolic  acid  forms  a  neutral,  cryftallizable  fait, 
called  Glauber  s  fait,  which  differs  from  vitriolated  tartar  in 
the  figure  of  its  cryftals,  its  greater  folubility  in  water,  the 
quantity  of  water  contained  in  its  cryftals,  and  its  property 
of  drying  in  the  air,  or  lofing  much  of  its  water,  by  which 
the  cryftals  lofe  their  tranfparency,  their  folidity,  and  are 
reduced  into  a  white  meal,  called  effiorefcence.  See  Alkali 
(Marine),  and  Salt  <?/*Glaueer. 

'  Volatile  alkali  combined  to  the  point  of  faturation  with  a 
vitriolic  acid,  forms  a  neutral  ammoniacal  fait,  and  cryftal- 
lizable, called  Salt  (Vitriolic  Ammoniac),  which  fee ,  and  Al- 
kali (Volatile). 

'  Vitriolic  acid  being  more  fimple  and  more  powerful  than 
the  nitrous  and  marine  acids,  feparates  them  from  the  alka- 
lis to  which  they  are  united,  and  fubftitutes  itfelf  in  their 
place.    See  Nitre  and  Salt  (Common). 

In  general,  this  acid  acts  upon  all  metallic  fubftances, 
and  diffolves  them  with  phenomena  peculiar  to  each.  It 
forms  with  them  neutral  falts  with  metallic  bafes  capable 
of  cryftaiiizing  ;  to  ail  which  falts  M.  Macqucr  thinks  pro- 
per in  his  Courfe  of  Chemiftry  to  give  the  general  name  of 
vitriol,  and  to  fpecify  the  different  vitriols  by  the  name  of 
the  metallic  matters  which  enter  into  their  compofition. 

Thus, 
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Thus,  for  example,  he  propofes  to  call  the  combination  of 
vitriolic  acid  with  filver,  vitriol  of  fiver ■,  or  lunar  vitriol ; 
and  the  combination  of  the  fame  acid  with  mercury,  vi- 
triol of  mercury ',  &C.  in  the  fame  manner  as  the  neutral  me- 
tallic filts  formed  by  the  union  of  vitriolic  acid  with  iron, 
and  with  copper,  are  called  vitriol  of  copper^  and  vitriol  of 
iron^  or  martial  vitriol.    See  Vitriol. 

This  acid,  in  confequence  of  its  great  affinity  with  the 
inflammable  principle,  attacks  the  phlogiffon  of  metals 
when  it  difTolves  them,  and  feparates  part  of  it  from  thofe 
which  are  capable  of  being  deprived  of  it  j  confequently  it 
calcines  them  more  or  lefs  according  to  their  nature,  and 
to  the  manner  of  making  the  folution,  and  adheres  to  them 
proportionably  lefs,  as  it  has  taken  from  them  a  greater 
quantity  of  their  phlogifton.  We  may  conclude  from  thefe 
phenomena,  that  vitriolic  acid  difTolves  metals,  chiefly  by 
ineans  of  their  phlogifton  ;  or  that  this  principle  is  a  me- 
dium of  union  between  this  acid  and  metallic  earths. 

The  moff  general  phenomena  accompanying  the  folutions 
of  metallic  matters  in  vitriolic  acid  by  the  humid  method, 
are,  i.  The  effervefcence  and  heat,  which  are  commonly 
moderate.  2.  The  vapors  -}  many  of  which  are  the  vola- 
tile vitriolic  acid,  as  in  the  folution  of  mercury ;  or  they 
are  inflammable  vapors,  as  in  the  folution  of  iron.  3.  The 
formation  of  concrete  fulphur,  as  in  the  folution  of  tin. 
See  the  particular  details  of  all  the  folutions  of  metallic  matters 
by  vitriolic  acid,  under  the  article  of  each  metallic  fubjlance, 
and  at  the  word  Vitriol,  (q) 

It 

(q)  Diluted  vitriolic  acid  diffolves  iron  and  zinc  fpeedily,  and 
copper  very  ilowly.  Boiling  concentrated  vitriolic  acid  diffolves 
copper,  arid  partly  difTolves  and  partly  corrodes  filver,  tin,  mer- 
cury, and  lead.  Vitriolic  acid  does  not  diffolve  gold,  but  preci- 
pitates it  from  aqua  regia.  It  leflens  the  volatility  of  mercury 
and  of  arfenic ;  and  the  fufibility  of  lead,  zinc,  bifmuth,  and 
regulus  of  antimony,  when  combined  with  thefe  metallic  fub- 
ftances.  It  difTolves  the  calxes  of  moft  metals.  It  alfo  difTolves 
the  regulus  of  cobalt,  but  not  nickel. 

Although  vitriolic  acid  has  a  ftrcng  power  to  combine  with 
iron,  yet  its  adhefion  to  it  when  diffolved  fee'ms  to  be  very  weak. 
Thus  Mr.  Margraaf  found,  that  by  boiling  a  folution  of  green 
vitriol  in  a  copper  vefTel,  or  with  filings  of  copper,  part  of  the 
iron  was  depofited,  and  in  its  place  part  of  the  copper  was  dif- 
folved.  This  experiment  is  fo  much  more  remarkable,  as  a  di- 
luted vitriolic  acid  has  no  fenfible  effeft  upon  copper  in  a  fhort 

time. 
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It  appears  from  what  has  been  faid  on  the  combinations 
of  vitriolic  acid  with  all  the  fubftances  with  which  it  can 
form  a  neutral  fait,  that  all  thefe  neutral  vitriolic  falts  are 
Aifceptible  of  cryftallization.  This  property  is  peculiar  ta 
vitriolic  acid,  and  probably  proceeds  from  the  intimacy  of 
union  contracted  betwixt  this  acid  and  the  fubftances  which 
it  diflblves. 

Concentrated  vitriolic  acid  ads  with  confiderable  force 
on  oils  and  concrete  oily  matters.  It  boils  and  grows  warm 
When  added  to  them.  It  partly  decompofes  them,  blackens, 
and  in  fome  fort  burns  them.  From  thefe  mixtures  many 
fumes  exhale,  which  have  a  mixed  fmell  of  burnt  oil,  and 
of  very  fuffocating  volatile  vitriolic  acid.  See  the  detail  and 
explanation  of  the  phenomena  at  the  word  Oil. 

Vitriolic  acid,  when  very  weak,  does  not  appear  to  have 
any  action  upon  oils,  becaufe  its  fuperfluous  water,  with 
which  it  ftrongly  adheres,  hinders  it  from  combining  with 
thffe  fubftances,  to  which  the  water  cannot  be  united. 
However,  the  union  of  fuch  a  weak  vitriolic  acid  with  oil, 
does  not  feem  impoflible.    See  Oil. 

The  mixture  of  concentrated  vitriolic  acid  with  fpirit  of 
wine,  mews  many  very  interefting  phenomena,  which  vary 
according  to  the  proportions  of  thefe  two  acids,  and  the 
management  employed. 

Without  diftillation,  it  entirely  combines  in  fiibftance 
with  fpirit  of  wine,  without  occafioning  any  decompofition  j 
that  is  to  fay,  it  docs  not  combine  with  any  of  the  principles 
of  the  fpirit  of  wine  preferably  to  the  reft.  It  lofes  its 
acidity  by  this  union,  and  is  rendered  greatly  milder.  Hence 

time.  The  acid  therefore  by  its  previous  folution  of  iron  feems 
to  have  been  fo  changed,  as  to  be  rendered  capable  of  diffolving 
copper.  This  experiment  does  not  con  tradidl  the  general  rule  by 
which  the  power  of  union  of  vitriolic  acid  is  affirmed  to  be  greater 
to  iron  than  to  copper,  but  may  be  explained  from  the  flight  ad- 
hefion  of  the  inflammable  principle  to  the  earth  of  iron  ;  by 
which  property,  falts  formed  by  this  metal  with  vitriolic  or  ni- 
trous acids  are  continually  decompofing  ;  the  phlogillon  of  iron, 
efcaping  into  the  air  or  combining  with  the  acid,  and  its  calx 
feparating  from  the  acid,  in  form  of  a  red  fediment.  This  de- 
compofition of  martial  vitriol,  and  martial  nitre,  and  alfo  of 
fome  other  metallic  falts  fubject  to  the  fame  change,  is  accelerated 
by  application  of  heat,  air,  moifture,  and,  as  Mr.  Margraaf's 
experiment  feems  to  indicate,  by  the  application  of  another  metal, 
as  copper. 

it 
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it  is  called  bulcified  Vitriolic  Acid,  It  has  alfb  been  called 
Water  of  Rabel  ;  which  fee. 

When  ipirit  of  wine  and  vitriolic  acid  are  diftilled  toge- 
ther, the  latter  decompofes  the  former,  takes  pofleffion  of 
its  aqueous  principle,  reduces  a  part  of  it  into  a  middle 
fubftance  betwixt  ardent  fpirits  and  oil,  to  which  the  name 
Ether  has  been  given ;  and  laftly,  the  acid  reduces  the  fpirit 
of  wine  into  a  true  oil,  which  has  been  improperly  call- 
ed Sweet  Oil  of  Vitriol.  See  the  words  Spirit  (Ardent)  ; 
Ether;  Ether  (Vitriolic);  and  Sweet  Oil  of  Vi- 
triol. 

Vitriolic  acid  is  no  where  in  nature  found  pure  ;  that  is, 
unmixed  with  any  other  matter.  This  proceeds  from  its 
capacity  to  diflblve,  and  to  combine  with  a  great  variety  of 
different  fubftances. 

Thus  vitriolic  acid  is  found  naturally  combined,  I. 
With  an  inflammable  fubftance;  then  it  is  in  form  of  fulphur 
or  bitumen  ;  or,  2.  With  earthy  fubftances,  in  form  of le- 
lenites,  aluminous  and  argillaceous  matters  ;  or,  3.  With 
.metallic  fubftances,  in  form  of  native  vitriols  ;  or,  4.  With 
alkaline  falts,  in  form  of  neutral  vitriolic  falts,  with  alka- 
line bafes.  But  it  is  almoft  only  with  the  foflile  or  marine 
alkali  that  the  vitriolic  acid  is  ever  found  naturally  combin- 
ed, becaufe  this  alkali  is  moft  generally  diffufed,  and  is  in- 
deed almoft  the  only  native  alkali.  Vitriolic  acid  is  there- 
fore found  in  form  of  Glauber's  fait.  Glauber's  fait  is' 
chiefly  found  in  thofe  waters  which  contain  common  fait. 
See  Salt  (Common),  and  Waters  of  Salt  Foun- 
tains. 

Vitriolic  acid,  combined  with  vegetable  fixed  alkali, 
forming  vitriolated  tartar  ;  or  with  volatile  alkali,  forming 
vitriolic  ammoniac  fait,  otherwife  called  the  fecret  ammo- 
niac fait  of  Glauber ;  are  found  very  rarely,  and  are  pro- 
duced by  particular  decompofitions  and  combinations  ;  as, 
for  example,  by  burnings. 

From  what  has  been  faid  concerning  the  ftates  in  which 
vitriolic  acid  is  naturally  and  habitually  found,  we  may 
perceive  that  it  cannot  be  obtained  alone  and  pure  without 
particular  artful  operations  ;  that  is,  by  decompofing  thofe 
bodies  which  contain  moft  of  it,  and  from  which  it  may  be 
moft  eafily  procured.  Thefe  bodies  are  Sulphur  and  Vitriols, 
See  thefe  words  for  the  extraclion  of  Vitriolic  Acid. 

Upon  conlidering  the  feveral  fubftances  with  which  vitrio- 
lic acid  is  found  naturally  combined,  an  interefting  queftion 

arifes 
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irifcs  concerning  the  original  and  primitive  ftate  of  this 
acid.  For  as  fulphur  is  fpread  in  very  large  quantities  with- 
in the  earth,  and  as  by  burning  or  decompoiition,  its  acid 
fcparated  from  its  phlogifton  becomes  capable  of  combina- 
tion with  earthy  and  metallic  fubftances  (as  happens  acf.u- 
ally  in  the  fabrication  of  vitriols  and  of  alum)  ;  we  may 
confider  whether  all  vitriolic  acid  has  been  originally  in  the 
ftate  of  fulphur  ;  and  a  part  of  this  fulphur  being  confumed 
or  decompofed  by  natural  caufes,  as  happens  in  volcanos, 
its  acid  has  formed  all  the  vitriols  and  vitriolic  falts  with 
earthy  bafes,  which  are  found  formed  in  the. earth  ;  or  whe- 
ther, (as  we  know  by  the  experiment  of  the  artificial  com- 
pofition  of  fulphur,  that  vitriolic  acid  quits  every  other  fub- 
ftance  in  order  to  combine  with  phlogifton)  all  this  acid 
was  originally  combined  with  earthy  and  metallic  fubftan- 
ces ;  and  thefe  vitriolic  falts,  meeting  matters  abounding  in 
phlogifton,  have  been  decompofed  to  form  all  the  fulphur 
found  in  the  earth.  This  queftion  cannot  certainly  be  de- 
cided but  by  the  profoundeft  refearches  into  the  natural 
hiftory  of  thefe  feveral  bodies. 

The  affinities  of  vitriolic  acid  according  to  Mr.  Geoffroy's 
Table  are,  phlogifton,  fixed  alkali,  volatile  alkali*  earths, 
iron,  copper,  and  filver  :  and  according  to  Mr.  Gellert's 
Table,  phlogifton,  fixed  alkali,  volatile  alkali,  earths,  zinc, 
iron,  copper,  filver,  tin,  lead,  mercury,  bifmuth,  regulus 
of  antimony,  and  of  arfenic. 

ACIDS  (VOL  ATILE).  Thofe  acids  are  fo  called 
which  are  more  volatile  than  moft  other  acids  ;  which  vola- 
tility proceeds  either  from  an  union  of  fome  phlogifton,  or 
of  fome  attenuated  oil.  Such  are  the  volatile  vitriolic  acid; 
the  acid  fpirits  of  fome  acrid  vegetables,  as  the  roots  of 
fquills,  according  to  Mr.  Cartheufer ;  the  acids  v/hich  rife 
when  butter  or  fat  are  diftilled  ;  and  others  fimilar, 

ACIDUM  PINGUE.  (r) 

ADEPT 

(r)  Acidum  pingue.  Frederic  Meyer,  an  Apothecary  of 
Ofnaburg,  publimed  in  the  year  1 764,  a  treatife  concerning 
Quicklime,  in  which  he  endeavoured  to  explain  the  caufticity  of  that 
fubftance,  and  alfo  many  other  phenomena  of  chemiitry,  by  means 
of  a  new  principle  which  he  pretended  to  have  difcovered,  and  to 
v/hich  he  has  given  the  name  of  Acidum  pingu\  Dr.  Black  had 
before  that  time  publimed  an  account  of  experiments  made  upon 
Quicklime  and  Magnefia,  which  proved  in  the  clearefl  manner 
that  the  cauiticity  of  quicklime,  its  folubility  in  water,  and  its 
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A  D  E  P  T  is  the  name  aflumed  by  thofe  alchemifts  who 
pretended  to  have  difcovered  the  philofopher's  ftone.  See 
Stone  (Philosopher's). 

ADOPTER. 

diflblving  power,  are  original  properties  of  pure  uncombined  cal- 
careous earth ;  and  that  the  want  of  thefe  properties  in  lime-ftone, 
marble,  and  other  native  earths  capable  of  being  converted  by 
calcination  into  quicklime,  depends  on  thofe  earths  being  always 
combined  in  their  native  flate  with  the  fluid  which  has  been 
called  fixed  air.  Neverthelefs,  Meyer's  theory,  in  the  framing 
of  which  more  imagination  was  employed  than  judgment,  and 
more  pains  were  taken  to  apply  it  to  the  explanation  of  pheno- 
mena than  to  prove  its  foundation  on  truth,  has  been  adopted 
by  many,  efpecially  by  German  Chemifts,  and  warmly  defended 
by  Crantz,  Fourchy,  and  others.  Dr.  Black's  doctrine  has  been 
very  ably  defended,  and  his  experiments  repeated  and  confirmed, 
by  Mr.  Jaquiny  in  a  Treatife  called  Examen  Chemicum  doftrinee 
Meyerianai  de  acido  pingui  et  Blackiante  de  aire  fixo  refpefiu  calcis* 
Vindohon<e,  1 769.  In  the  following  abflract  of  Meyer's  doctrine, 
the  readers  converfant  in  modern  chemiftry  will  eafily  perceive 
that  he  attributes  to  his  acidum  pinguey  various  effects,  fome  of 
which  are  generally  attributed  to  phlogifton,  others  to  the  gas  or 
fluid  called  fixed  air,  and  laftly,  others  to  the  abfence  of  this 
fluid, 

Meyer  maintains  that  the  faline  cauftic  quality  of  quicklime 
depends  upon  a  peculiar  fubftance,  whiclvtie  fuppofes  is  imbibed 
by  the  calcareous  earth  from  the  fire  during  its  calcination.  To 
this  fub (lance  he  gives  the  appellation  caufiicum  et  acidum  pingue. 
He  thinks  that  it  is  compofed  of  an  acid,  and  of  the  pure  principle 
of  fire  or  matter  of  light;  that  it  is  a  fubtle  elaftic  volatile 
matter  (although  it  is  fixed  in  quicklime) ;  is  analagous  to 
fulphur,  and  is  indeftructible.  He  infers  that  an  acid  exifls 
in  this  principle  :  r.  From  the  folubility  of  quicklime  in  water, 
which  he  fuppofes  can  be  effected  only  by  an  acid.  2.  From  the 
precipitation  occafioned  in  lime-water  by  adding  an  alkali,  with 
which  he  fuppofes  that  his  acid  unites,  while  it  leaves  the  earth. 
3.  From  the  change  of  properties  and  neutralization  which  the 
alkali  fuffers  by  its  union  with  this  acid,  as  the  alkali  then  ceafes 
to  effervefce.  That  this  acid  principle  is  not  a  pure  acid,  he  in- 
fers from  its  property  of  uniting  with  fulphur,  oils,  and  calcareous 
earths,  which  fhew  that  the  acid  is  united  with  fomething  fat 
or  oily.  This  fat  ingredient  in  his  acid  principle  prevents 
the  acidity  of  its  tafte,  and  alfo  prevents  it  from  forming  a  neu- 
tral fait  with  alkalis,  which,  however,  are  fo  far  changed  by  their 
union  with  the  acidum  pingue,  that  they  are  rendered  foluble  in 
fpirit  of  wine,  and  capable  of  acting  upon  other  oily  fubltances 
which  they  could  not  unite  with  in  their  mildftate. 

The 
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AFFINITY.  By  affinity  (s)  is  underftood  that  ten- 
dency which  the  conftituent  or  integrant  parts  of  bodies 
have  to  unite,  and  that  power  by  which  they  adhere  when 
united. 

The  definition  of  affinity  fhews  that  it  is  not  a  word  void 
of  meaning.  The  power  with  which  the  parts  of  bodies 
tend  to  unite  with  each  other,  and  their  adhefion  when 
united,  are  very  fenfible  and  palpable  effects,  fince  this 

The  acidum  pingue  is  fofubtle  that  it  pervades  red-hot  veffels, 
and  combines  with  the  bodies  contained  in  them.  It  may  be  thus 
made  to  unite  with  metallic  calxes,  to  which  it  imparts  the  greater 
weight  which  thefe  bodies  have  than  the  metallic  fubftances 
whence  they  were  produced.  It  may  be  conveyed  from  thefe 
calxes  by  fire  into  alkalis,  which  thereby  receive  acauftic  quality. 
It  unites  with  the  vitriolic  acid,  when  this  acid  is  diftilled  with 
fpirit  of  wine  or  other  inflammable  matters,  or  when  vitriol  is 
diftilled  in  a  cracked  veffel,  and  forms  the  volatile  fulphureous 
acid.  The  acidum  pingue  exifts  naturally  in  the  fulphureous 
caverns  of  Puzzoli,  Pyrmont,  &c. 

Meyer's  treatife  is  tran Hated  from  the  German  into  French  by 
M:  Dreux,  under  the  title  of  EJfais  de  Chymie  fur  la  chaux  <vive, 

2  VOls.  I2H10. 

(s)  By  the  terms  affinity  and  eleclive  attraction,  we  ought  to 
underftand  the  power  by  which  the  conftituent  parts  of  bodies 
unite,  and  not  to  fuppofe  that  this  power  is  exerted  by  any  fimi- 
larity  and  homogeneity  of  parts,  or  by  any  mechanical  traction, 
as  thefe  terms  feem  to  imply.  The  caufe  of  this  power,  or  the 
manner  in  which  this  union  of  conftituent  parts,  is  produced,  is 
unknown  to  us.  To  thefe  terms,  therefore,  another  lefs  excep- 
tionable, namely,  the  power,  of  combination,  may  be  fubftituted. 
In  our  author's  definition  of  affinity  are  comprehended  not  only 
the  power  by  which  the  conftituent  parts  of  bodies  unite,  which 
is  the  proper  object  of  chemiftry  ;  but  alfo,  the  power  by  which 
the  integrant  parts  unite,  which  he  calls  the  affinity  of  aggrega- 
tion, and  which  is  treated  of  by  writers  on  natural  philofpphy 
and  mechanics  under  the  terms  attraction,  gravitation,  and  co- 
hefion.  Whether  thefe  two  kinds  of  union  are  produced  from 
the  fame  caufe  differently  modified,  as  our  author  thinks,  1  know 
not ;  but  their  effects  are  fo  different,  that  they  deferve  to  be 
confiderid  feparately  :  the  union  of  integrant  parts  being  only  an 
appofition  of  thefe  parts,  which  are  capable  of  being  disjoined  by 
mechanical  means,  and  without  any  change  produced  upon  their 
properties  ;  and  the  union  of  conftituent  parts,  or  combination, 
being  attended  with  confiderable  changes  of  properties,  and  being 
incapable  of  disjunction  by  mechanical  means.  See  the  article 
Composition  of  Bodies,  and  the  following  Note* 
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power  cannot  be  deftroyed  but  by  another  power  as  real  and 
more  confiderable.  It  is  befides  demonftrated  by  rmmberlefs 
experiments ;  as,  for  example,  by  the  adhefion  of  two 
bodies  applied  to  each  other,  whofe  furfaces  are  finely 
polifhed ;  by  the  tendency  which  two  drops  of  water,  or 
of  oil,  mercury,  or  of  any  other  fluid,  have  to  run  together 
and  unite  into  one  mafs  ;  by  the  convex  or  fpherical  figure 
which  drops  of  fluids  affume,  when  their  form  is  not  given 
them  by  containing  vellels  or  other  body,  and  when  they 
are  fupported  by  bodies  with  which  they  are  not  difpofed  to 
unite  :  all  which  effects  happen  even  in  a  vacuum,  and  de- 
monftrate  the  affinity  which  the  integrant  parts  of  bodies 
folid,  or  fluid,  have  to  each  other. 

The  affinity  of  the  conftituent  parts  or  principles  is  de- 
monftrated  by  the  detail  of  all  the  phenomena  in  chemiftry. 

We  do  not  here  enquire  into  the  caufe  of  this  great  effecl, 
which  is  fo  general,  that  it  may  itfelf  be  considered  as  the 
caufe  of  all  combinations,  and  may  ferve  to  explain  them. 
It  may  perhaps  be  a  property  as  efifential  to  matter  as  its 
extent  and  impenetrability,  of  which  we  can  fay  no  more, 
than  that  fuch  properties  do  exift.  On  this  iubjecl:  the 
works  of  Newton,  Freind,  Keil,  and  the  Abbe  Marcuzzi, 
may  be  confulted.  Thefe  authors  have  endeavoured  to  illuf- 
trate  thefe  obfcure  fubje&s  by  calculation.  We  fhall  be 
fatisfied  with  obferving  the  molt  remarkable  laws,  according 
to  which,  the  principles  of  bodies  unite  and  combine,  in  con- 
fequence  of  this  property. 

M.  Macquer  diftinguifhes  feveral  forts  of  affinities.  Not 
that  he  believes  there  are  really  different  fpecies  of  affinities 
for  it  is  very  certain,  that  it  is  but  one  and  the  fame 
property  of  matter,  differently  modified  according  to  different 
circumftances  ;  but  only  that  he  may  better  diftinguifh  and 
remark  the  phenomena  occafioned  by  this  property,  in  the 
detail  of  the  combinations  and  feparations  which  it  effects  in 
the  moft  general  and  moft  important  operations  of  chemiftry* 

By  fimple  affinity  he  means  the  difpofition  to  unite  and 
adhere,  which  is  obferved  between  the  integrant  and  homo- 
geneous parts  of  the  fame  body,  or  between  the  heterogeneous 
parts  of  two  different  bodies.  The  fimple  affinity  is  there- 
fore diftinguifhed  into  two  kinds. 

The  firft  kind  of  fimple  affinity  produces  the  union  of  aggre- 
gation ;  that  is  to  fay,  that  the  body  refulting  from  this 
union  is  of  the  fame  nature,  but  of  larger  fize.  M.  Mac- 
quer calls  it  the  affinity  of  aggregation ;  as,  for  example, 
when  feveral  loofe  particles  of  the  fame  metal  or  of  the  fame 
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earth  are  united  together  by  fufion,  fo  as  to  form  but  one 
mafs.    See  Aggregation. 

The  fecond  kind  of  fimple  affinity,  producing  the  union 
and  adherence  of  heterogeneous  parts,  different  in  their 
natures,  from  which  refuits  a  new  Compound  body,  whofe 
properties  are  different  from  thofe  of  the  two  principles 
from  which  it  was  formed,  is  called  affinity  of  compofition 
becaufe  a  new  body  is  actually  compofed.  If,  for  example, 
the  primitive  integrant  parts  of  vitriolic  acid  be  united  with 
thofe  of  iron,  a  new  body -refuits  from  this  union,  which  i$ 
neither  vitriolic  acid  nor  iron,  but  a  compound  of  the  two, 
called  martial  vitriol. 

The  following  remarks  may  be  made  on  fimple  affinities. 

1.  That  the  affinity  of  aggregation  refifts  the  affinity  of 
compofition.  For  it  is  evident  that  the  force  which  makes 
the  homogeneous  and  integrant  parts  of  a  body  adhere 
together,  hinders  them  from  feparating,  in  order  to  join 
the  parts  of  another  body. 

2.  Hence  it  follows,  that  if  the  adhefion  of  aggregation  be- 
tween the  integrant  parts  of  a  body  be  weakened  or  defcroyed, 
the  affinity  of  compofition  is  thereby  facilitated  ;  that  is,  the 
affinity  which  they  have  to  join  the  parts  of  another  body. 

3.  That  as  the  hardnefs  of  a  body  fuppofed  fimple  and 
homogeneous  depends  only  on  the  adhefion  of  aggregation 
betwixt  its  integrant  parts,  if  this  adhefion  be  deuroyed  by 
feparating  thefe  parts  from  each  other  ;  as  by  reducing  them 
into  fine  powder,  or  ft i 1 1  more  by  diffufing  them  in  a  liquid, 
with  which  they  have  no  adhefion,  or  lei's  than  they  had  to 
each  other;  they  may  then  be  combined  with  the  parts  of 
another  body,  more  or  lefs  eaiily,  in  proportion  as  they 
have  been  more  or  lefs  feparated  by  this  mechanical  divifion. 

4.  As  different  bodies  are  more  or  lefs  fulceptible  of  this 
mechanical  divifion,  whether  artificial  or  natural,  by  which 
their  integrant  parts  are  more  or  lefs  feparated  from  each 
other,  hence  arifes  great  difference  betwixt  thefe  bodies  in 
their  greater  or  lefs  facility  of  combining  with  other  bodies. 

5.  The  facility  with  which  one  body  combines  with 
another  does  not,  however,  folely  determine  the  degree  of 
affinity  betwixt  thefe  two  bodies.  For  experience  (hews 
that  the  principles  or  conftituent  parts  of  certain  compounds, 
which  unite  together  very  readiiy  and  eafiiy,  have  however 
but  a  weak  adhefion,  which  is  defrroyed  by  the  fmalleft- 
effort  of  analyfis,  or  chemical  decompofition  ;  while  other 
principles  which  can  be  united  only  with  great  difficulty, 
<.nd  by  ftudied  means,  contract  together  an  union  much 
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ftronger,  and  much  Ids  apt  to  be  diffolved.  Mercury,  for  in* 
fiance,  unites  much  more  eafily  with  nitrous  acid  than  with 
the  marine,  but  yet  it  adheres  much  more  ftrongly  to  the 
latter  than  to  the  former. 

Hence  we  ought  to  conclude,  that  we  cannot  pofitively 
determine  that  one  body  has  no  affinity  with  another  body, 
becaufe  no  means  are  known  of  uniting  them.  On  the 
contrary,  it  appears  certain  that  all  natural  bodies  have  a 
certain  degree  of  affinity,  and  of  facility  of  uniting  with 
each  other,  and  a  certain  degree  of  adhefion  when  they  are 
united,  and  confequently,  that  there  are  no  combinations 
really  and  abfolutely  impoffible  ;  but  that  this  degree  of 
affinity  varies  according  to  the  different  ftates  in  which  thefe 
bodies  are  found. 

However,  as  the  want  of  union  betwixt  two  bodies  pre- 
vents their  affinity  from  {hewing  itfelf,  we  may  confider 
tbofe  bodies  which  we  cannot  combine  as  if  they  had  no 
affinity  together,  until  chemiftry  be  fo  far  advanced  as  to 
make  combinations  which  now  feem  impoffible.  Thus, 
for  inftance,  oil  is  faid  to  have  no  affinity  with  water,  nor 
lead  with  iron,  nor  iron  with  mercury ;  becaufe,  in  fact, 
thefe  bodies  cannot  be  directly  united  together  in  chemical 
operations.  Thus  any  affinity  which  they  may  have  to 
each  other  is  to  us  of  no  confequence. 

On  the  contrary,  as  the  affinities  of  bodies  which  may  be 
united  together,  produce  in  chemical  operations  effects  pro- 
portionable to  their  facility  of  union,  and  to  their  force  of  ad- 
hefion when  united,  we  may  confider  the  affinity  of  bodies  in 
general,  as  being  in  a  compound  ratio  of  thefe  two  properties. 

The  laft  remark  we  can  make  on  the  fimple  affinity  of 
compofition,  furnifhes  a  very  ufeful  and  very  general  fun- 
damental law,  by  which  we  may  difcover,  even  without 
decompofition,  the  principles  of  which  bodies  are  compofed. 
The^remark  is,  that  all  compound  bodies  have  properties 
partaking  of  the  properties  of  the  principles  of  which  thefe 
bodies  are  compofed.  Thus,  for  example,  the  union  of 
two  principles,  cf  which  one  is  fixed,  and  the  other  is  vola- 
tile, forms  a  compound,  whofe  degree  of  fixity  or  volatility 
is  intermediate  betwixt  thofe  of  the  two  principles. 

The  fame  may  be  faid  of  all  the  other  properties ;  fuch  as 
gravity,  opacity,  tranfparency,  ductility,  hardnefs,  fluidity, 
Sec.  and  even  cf  the  affinities  :  fo  that,  fuppofing  we  knew 
perfectly  the  properties  of  the  principles  of  a  compound,  we 
might,  by  examining  the  properties  of  this  compound,  dif- 
cover its  principles,  even  although  its  analyfis  were  impoiTible. 
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Wc  mufl  however  allow  that  this  rule,  although  very 
general,  is  fubjecl:  to  a  confiderable  number  of  reflrictions 
and  modifications,  which  depend  on  a  number  cf  particular 
circumftances.  For  example  :  it  happens  fometimes  that 
the  operation  by  which  two  principles  are  united  changes  or 
even  annuls  fome  of  the  properties  of  theft  principles  :  it 
happens  too  that  fometimes  their  union  envelopes  new 
properties,  which  cannot  be  immediately  percei  :d  in  either 
of  the  principles.  But  fuch  changes  are  never  fo  compleat 
as  to  lead  one  into  grofs  miftakes  concerning  the  principles  ; 
therefore  they  do  not  prevent  the  rule  from  being  fuffi- 
ciently  general,  to  be  an  excellent  guide  in  many  chemical 
enquiries,  (t). 

Where  more  than  two  bodies  acl  upon  one  another,  the 
affinity  may  be  called  complicated  \  and  from  the  definition 
given,  it  appears  that  all  thefe  complicated  affinities  mull 
be  of  the  kind  called  Affinity  of  Compofition, 

Firft,  we  ought  to  confider  that  complicated  affinity  in 
which  only  three  principles  act.  Experience  indicates  the 
following  obfervations. 

If  a  principle  be  added  to  two  other  principles  united  to- 

(t)  The  rule  mentioned  in  the  text  is  fo  far  from  being  gene- 
ral, that  perhaps  the  reverfe  of  it  may  be  confidered  as  a  general 
rule;  and  a  change  of  properties,  and  a  production  of  new  pro- 
perties, may  be  confidered  as  criterion s,  by  which  compound 
bodies,  chemically  combined,  may  be  diftinguiftied  from  bodies 
formed  merely  by  mixture  or  apportion  of  integrant  parts ;  in 
which  latter  kind  of  bodies,  the  properties  are  intermediate  be- 
twixt the  properties  of  the  feverai  component  pares,  and  no  new 
properties  are  produced.  Thus,  three  parts  of  copper  combined 
by  fufion  with  one  part  of  tin,  forms  a  body  more  hard,  more 
brittle,  and  more  fonorous,  than  either  of  the  conUituent  metals. 
Its  hardnefs,  therefore,  its  brittlenefs,  and  its  fonoroufnefs  may 
be  confidered  as  new  properties.  Its  color  is  much  whiter  than, 
the  intermediate  color,  and  its  fpecific  gravity  is  greater  than  the 
intermediate  fpecific  gravity.  Further,  the  properties  of  bodies 
are  in  many  inftances  deitroyed  or  annulled  by  chemical  combi- 
nation. T  hus  the  acrimony  and  deliquj:cency  of  acids  and  of 
alkalies  are  almoft  entirely  annulled  by  combining  thefe  two 
kinds  of  fubftrmces  together.  Every  body  chemically  combined 
may  furnifh  facts  which  refute  the  general  propofition  mentioned 
in  the  text.  Bodies  formed  by  mixing,  not  by  chemically  com- 
bining feverai  fubiiances  together ;  as,  for  inflance,  a  liquor 
formed  by  mixing  wine  and  water ;  partake  of  the  qualities  of 
each  ingredient,  proportionably  to  the  quantity  of  it  employed. 
See  Composition  of  Bodies,  and  Aggregation, 

,       D  3  gethcr 


AFFINITY 

gcther,  phenomena  of  compofition  or  of  decomposition 
happen,  which  differ  according  to  the  affinities  of  thefe 
three  bodies  to  each  other. 

1.  Sometimes  the  third  fupervening  principle  is  united  to 
the  other  two,  and  forms  together  with  th?m  a  compound 
confiding  of  three  principles.  For  example,  if  to  a  mafs 
compofed  of  gaM  ind  filver  fome  copper  be  added,  this 
third  metai  is  united  to  the  other  two,  and  forms  with  them 
a  compound  confuting  of  three  principles,  namely,  golds 
filver,  and  copper.  Thus  it  happens,  when  the  third 
fupervening  principle  has  with  the  two  others  an  affinity 
equal,  or  aimed  equal  to  the  affinity  which  thefe  two  prin- 
ciples have  to  each  other. 

2.  The  fame  thing  alfo  happens  fometimes,  although 
the  third  fupervening  principle  has  no  affinity  with  one  of 
the  two  principles  originally  united.  But  then  it  is  nccef- 
fary  that  this  fupervening  principle  fhould  have,  with  the 
other  cf  the  two  principles,  an  affinity  equal  to  the  affinity 
fubiirring  between  thofe  two  principles  originally  united. 
And  in  this  cafe,  that  principle  which  ferves  to  connect 
and  unite  the  two  which  could  not  otherwife  be  united,  is 
called  an  intermedium.  This  affinity  may  alfo  be  called  the 
affinity  of  intermediums.  For  example,  if  water  be  added 
to  the  compound  called  liver  cf  fulphur^  which  confifls  of 
two  principles,  fulphur.  and  fixed  alkali,  it  unites  with  the 
water,  diflblves  in  it  without  being  decompofed,  and  forms 
a  new  compound  confiding  of  three  principles,  namely, 
fulphur,  fixed  alkali,  and  water.  The  water  and  fulphur 
could  not  by  themfelves  form  any  union  :  but  as  fixed  alkali 
has  a  great  affinity  with  both  fulphur  and  water,  it  ferves 
upon  this  occafion  as  an  intermedium  to  unite  thefe  two 
fubftances  together.  It  is  neceifary  to  remark,  that  in  this 
affinity  of  intermediums,  the  affinity  of  the  principle  which 
ferves  as  an  intermedium  is  weakened,  becaufe  it  is  divided 
betwixt  two  bodies  \  and  that  the  union  contracted  with 
them  is  lefs  ftrong  than  if  it  were  united  to  one  of  them 
only. 

3.  Sometimes  a  third  principle,  when  added  to  a  com- 
pound  confining  of  two  principles,  does  not  unite  but  v/ith 
one  of  thefe  two  principles,  and  obliges  the  other  to  feparate 
itfelf  entirely  from  the  principle  with  which  it  was  originally 
united.  In  this  cafe  a  total  decompofition  happens  of  the 
prft  compound,  and  a  new  combination  of  the  remaining 
principle  with  the  fupervening  principle;  from  which  anew 
Compound  refults,    This  happens  when  the  fupervening 
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principle  has  little  or  no  affinity  with  one  of  the  principles 
of  the  compound  ;  and  when  it  has  with  the  other,  an 
affinity  much  ftronger  than  that  which  fubiifrs  betwixt  the 
two  firft  principles.  For  example,  when  an  alkali  is  added 
to  a  folution  of  a  metallic  matter  in  an  acid,  as  it  has  more 
affinitv  with  the  acid  than  with  the  metal,  it  feizes  the  acid, 
and  obliges  it  to  quit  the  metal,  which  therefore  precipi- 
tates ;  becaufe  the  metal  has  much  lefs  affinity  than  the 
alkaline  fait  has  to  the  acid. 

4.  It  happens  fometimes  that  a  principle,  which,  in  con- 
fequence  of  the  affinity  we  have  been  difcourfing  of,  has 
been  feparated  from  another  principle,  may  again  refume  its 
place  with  the  principle,  as  it  was  originally,  and  difpofTefs' 
the  fupervening  principle.  This  affinity,  which  is  called 
reciprocal,  on  account  of  its  reciprocal  effects,  takes  place 
when  the  two  principles  which  are  alternately  feparated  from 
the  third  principle  by  each  other,  have  with  this  third  prin- 
ciple an  almoft  equal  affinity,  and  that  their  feparation  is 
procured  by  particular  circumftances  relative  to  fome  of 
their  properties. 

All  that  has  been  faid  concerning  the  affinities  of  three 
principles  may  be  applied  to  affinities  of  four  principles,  due 
regard  being  had  to  the  changes  produced  by  the  introduction 
of  a  fourth  principle.  It  is  evident,  for  example,  that  in 
place  of  one  decomp  fition  and  one  new  compofition,  which 
can  refult  from  the  different  degrees  of  affinity  of  three 
principles,  the  affinities  of  four  principles  forming  two 
new  compounds,  may,  by  a  mutual  change,  produce  two 
decompoiitions  and  two  new  combinations.  This  always 
happens  when  the  fum  of  the  affinities,  which  each  of  the 
principles  of  the  two  compounds  has  with  the  principles 
of  the  other,  furpaffes  the  fum  of  the  affinities  fubfifting 
betwixt  the  principles  forming  the  two  firft  compounds. 
This  fort  cf  affinity,  where  there  is  a  double  exchange  of 
principles,  may  be  called  double  affinity.  Examples  of  thefe 
affinities  are  often  met  in  chemical  operations  and  mixtures ; 
and  without  a  knowledge  of  them,  it  would  be  impoffible 
to  explain  many  fmgular  phenomena  of  decompofltion.  For 
example,  it  happens  often  that  two  principles,  neither  of 
which  could  fmgly  effect  the  difunion  of  the  principles  of 
a  compound,  becaufe  their  affinities  are  each  of  them  inferior 
to  the  affinity  betwixt  the  principles  of  that  compound, 
become  neverthelefs  capable  of  procuring  this  decompofltion 
when  they  acl  in  concurrence.  For  this  purpofe,  it  is  fuffi- 
tient,  as  we  have  already  faid,  that  the  fum  of  affinities 
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which  the  two  decompofing  principles  have  with  the  prin- 
ciples of  the  body  to  be  decompofed,  fhould  furpafs  the 
fum  of  the  affinity  betwixt  the  principles  of  the  decompofing 
body,  and  of  the  affinity  betwixt  the  principles  of  the  body 
to  be  decompofed.  See  examples  of  this  play  of  affinities  at  the 
words  Blue  (Prussian),  and  Salt  ^Neutral  Arseni- 
cal). 

We  (hall  purfue  no  farther  thefe  remarks  upon  affinities  -} 
becaufe  the  affinities  of  bodies  compounded  of  many  prin- 
ciples are  much  lefs  ftrong  and  lefs  fenfible  in  chemical 
operations  j  or  becaufe  this  fcience  is  not  yet  fufficiently 
advanced  to  have  obferved  and  diftinguimed  them  all. 
What  we  have  faid  is  fufficient  to  form  juft  ideas  on  the 
theory  of  all  the  important  phenomena  which  are  exhibited 
by  the  fundamental  experiments,  and  to  conduct  to  many 
new  difcoveries.  See  the  annexed  TABLES  of  affinities, 
with  their  explanation,  (u) 

AGARIC. 

(u)  Although  many  of  the  affinities  contained  in  thefe  Ta- 
bles are  mentioned  under  the  feveral  articles  of  the  fubftances 
to  which  they  relate,  in  the  following  Dictionary,  yet  I  thought 
it  might  be  ufeful  to  place  them  in  one  view,  as  they  are  given 
by  their  authors  Geojfroy  and  Gellert. 

EXPLANATION  OF  THE  TABLES  OF  AFFINITIES. 

Each  of  thefe  Tables  confifts  of  a  number  of  columns.  At  the 
head  of  each  column  is  placed  the  fubftance,  the  affinities  of 
which  are  to  be  compared  with  the  feveral  fubftances  placed 
below  it  in  the  fame  column.  Thus  the  firft  column  of  Mr.  Geof- 
froy's  Table  contains  the  Affinities  of  acid  fpirits  ;  the  fecond 
column  contains  the  Affinities  of  ?narine  acid,  Sec.  The  remaining 
fubftances  in  the  firft  column,  as  fixed  alkali,  volatile  alkali,  &c. 
are  thofe,  the  affinities  of  which  with  acid  fpirits  are  to  be  com- 
pared together :  and  they  are  fo  difpofed,  that  the  fubftance 
which  has  the  ftrongeft  affinity  with  acid  fpirits  is  placed  neareft 
to  them,  and  th'e  fubftance  which  has  the  leaft  affinity  with  acids 
is  placed  at  the  greateft  diftance  ;  while  the  ftrength  of  the 
affinity  of  the  intermediate  fubftances  may  be  known  by  their 
vicinity  to  the  head  of  the  column.  Thus,  acid  fpirits  have  a 
ftronger  affinity  to  fixed  alkali  than  to  volatile  alkali,  abforbent 
earths,  or  metallic  fubftances :  alfo,  they  have  a  ftronger  affinity 
to  volatile  alkali  than  to  abforbent  earths ;  and  laftly,  they  have  a 
ftronger  affinity  to  abforbent  earths  than  to  metallic  fubftances. 

Mr.  Gellert  has  (in  his  original  Table)  inverted  this  order, 
placing  thofe  fubftances  at  the  greateft  diftance,  or  at  the  bottom 
of  the  columns,  which  have,  the  ftrongeft  affinity  with  thofe  at 
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the  head  of  the  columns.  But  as  this  difference  in  the  order  of 
the  two  Tables  might  create  fome  confufion,  I  have  changed  this 
difpofition  of  Mr.  Gellert's  Table,  and  have  made  it  correfpond 
with  that  of  Mr.  Geoffroy  which  is  above-defcribed. 

According  to  the  doctrine  of  affinities  delivered  under  the 
article  Affinity  of  this  Dictionary,  any  fubftance  in  any  of 
thefe  columns  may  be  feparated  from  the  fubftance  at*the  head  of 
that  column  by  any  of  the  intervening  fubftances.  Thus,  accord- 
ing to  the  firft  column  of  Mr.  Geoffroy's  Table,  if  any  metallic 
fubftance  be  united  with  an  acid  fpirit,  it  may  be  feparated  from 
that  fpirit,  by  adding  either  an  abforbent  earth,  or  a  volatile 
alkali,  or  a  fixed  alkali :  fecondly,  if  an  abforbent  earth  be 
united  with  an  acid  fpirit,  it  may  be  feparated  from  that  fpirit, 
by  adding  either  a  volatile  or  fixed  alkali :  and  ialtly,  if  a  volatile 
alkali  be  united  with  an  acid  fpirit,  it  may  be  feparated  from 
that  acid  by  adding  a  fixed  alkali. 

To  explain  the  ufe  of  thefe  Tables  ftill  further,  I  mall  give  an 
inftance  of  the  affinities  of  fulphur,  as  they  are  expreffed  in 
Mr.  Gellert's  Table. 

If  fulphur  be  united  with  regulus  of  cobalt  *,  with  which, 
according  to  this  Table,  it  has  lefs  affinity  than  with  any  of  the 
iubftances  mentioned  in  this  column,  and  if  to  this  compound 
arfenic  be  added ;  by  fublimation  the  fulphur  will  be  feparated 
from  the  regulus  of  cobalt,  and  will  be  united  with  the  arfenic, 
forming  a  fublimate  called  orpiment. 

If  to  this  orpiment  an  equal  quantity  of  mercury  be  added,  and 
if  the  mixture,  after  it  has  been  well  triturated,  be  expofed  to 
heat  in  a  retort,  or  other  clofe  veffel,  the  arfenic  will  be  feparated 
from  the  fulphur,  and  will  form  a  white  fublimate  ;  while  the 
fulphur  and  mercury  will  unite,  and  be  afterwards  fublimed  to- 
gether, forming  a  cinnabar. 

If  to  this  cinnabar  a  third  part  of  regulus  of  antimony  be 
added,  and  the  mixture  be  expofed  to  heat  in  a  retort,  the  mer- 
cury will  be  diftilled,  and  the  fulphur  will  remain  united  with 
the  regulus,  forming  a  compound  fimilar  to  native  antimony. 

If  to  this  artificial,  or  to  native  antimony  fufed  in  a  crucible, 
half  its  quantity  of  bifmuth  be  added,  this  femi-mefal  will  unite 
with  the  fulphur  of  the  antimony;  while  the  regulus  of  the  anti- 
mony will  be  feparated,  and  form  a  diftincl  mals  at  the  bottom 
cf  the  crucible. 

If  this  compound  of  bifmuth  and  fulphur  be  melted  with  an 
equal  quantity  of  filver,  the  bifmuth  will  be  feparated  from  the 
fulphur,  which  will  unite  with  the  filver,  forming  a  mafs  nmiiar 
to  the  vitreous  filver-ore. 


*  In  the  Table  it  is  marked  cobalt ;  but  Mr.  Gellert  evidently  means 
the  regulus  of  cobalt ;  for  the  ore  properly  called  Cobait,  contains 
various  fubftances,  each  of  which  has  peculiar  affinities.  See  Con  I  r . 
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If  this  mafs,  or  the  vitreous  ore,  be  melted  with  half  its  quan- 
tity of  lead,  the  filver  will  be  feparated  from  the  fulphur,  which 
wid  unite  with  the  lead,  forming  a  mafs  refembling  the  lead-ore 
called  galena. 

If  ihis  fulphurated  lead  be  melted  with  tin,  the  lead  will  be 
feparated,  and  the  tin  will  be  united  with  the  fulphur. 

in  the  fame  manner,  the  fulphur  may  be  transferred  from  the 
tin  to  copper  ;  and  from  copper  to  iron. 

The  affinities  of  bodies  to  each  other,  as  they  are  laid  down 
in  ihe  above  Tables,  or  at  leaft  the  feparations  and  decompofi- 
tions  depending  upon  the  differences  of  affinities,  do  not  at  all 
times  take  place ;  fome  of  them  requiring  certain  degrees  of  heat, 
dilation,  and  various  other  circumllances.  Many  inftances  do 
alio  occur,  in  which  the  affinities  of  fubftances  feem  even  to  be 
changed  by  theie  d  ifferent  circumftances ;  and  hence  many  ex- 
cej  dons  ha<  e  been  found  to  the  prefent  Tab.es,  fome  of  which 
are  real,  and  others  oniy  apparent.  Thus,  in  the  firlr  column  of 
Mr,  Geoff  oy's  1  able,  metallic  fubftances  are  placed  as  having 
a  lef-  a:hnity  than  abforb  nt  earths  with  acids.  Neverthelefs, 
fome  inftances  occur  of  earthy  falts,  as  alum,  being  decompofed 
"by  means  of  metals,  as  of  iron,  zinc,  and  copper.  Here  there- 
fore we  rind  a  red  exception  to  this  Table.  Again,  abforbent 
earths  are  placed  as  having  lefs  affinity  than  volatile  alkali  with 
acids.  But  the  volatile  alkali  of  fa1  ammoniac  maybe  feparated 
from  the  a  id,  by  means  of  chalk  or  quicklime  ;  which  feems  to 
{hew,  that  fome  abforbent  earths  have  a  greater  affinity  with  acids 
than  volatile  alkali.  1  his  alkali  does  indeed,  when  it  is  mild, 
precipitate  a  folution  of  any  calcareous  earth  in  any  acid;  and 
this  experiment  has  probably  indu.ed  Mr.  Geoffroy  to  place  thefe 
fubilances  in  their  prefent  order.  But  the  above  mentioned  pre- 
cipitation is  now  known  to  be  effected  by  what  Mr.  Macquer  calls 
a  double  affinity.  For  the  mild  alkali,  confifting  of  pure  alkali 
and  fixable  air  or  gas,  is  here  to  be  conficered  as  a  compound : 
and  when  it  is  added  to  a  folution  of  calcareous  earth  in  any  acid, 
the  gas  unites  with  the  earth,  to  which  it  has  a  greater  affinity 
than  to  the  alkali,  while  the  acid  unites  with  the  alkali.  That 
this  is  the  cafe,  in  the  prefent  inftance,  appears  from  the  impoffi- 
biliry  of  precipitating  this  earth  from  the  acid  by  means  of  a 
cauftic  volatile  alkali,  that  is,  an  alkali  whi.h  is  not  combined 
-vitb.  gas.  Many  other  inftances  might  be  adduced  of  the  inaccu- 
racies and  defects  of  thefe  Tables,  and  of  the  apparent  variations 
from  the  general  rules  laid  down  in  them;  but  as  all  chemical 
ccmp  fitions  and  devompofitions  depend  cn  the  affinities  cf  the 
fubftanre-  employed,  we  cannot  explain  and  correct  ihefe,  with- 
out confidering  almoit  ail  the  operations  in  Chemiftry.  Till 
other  i  ables  more  perfect,  be  formed,  thefe  may.  be  of  confider- 
able  utility. 
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AGARIC,  (x) 
AGATE,  (y) 

AGGREGATION.  In  order  to  have  a  clear  idea 
of  what  chemifts  mean  by  the  v/ords  aggregation,  aggregate^ 
aggregated  bodies,  we  muft  attend  to  the  difference  betwixt 
what  natural  philofophers  call  conjlituent  parts  and  integrant 
parts  of  bodies.  The  conftituent  parts  are,  properly  fpeak- 
ing,  the  principles  of  bodies.    Thefe  are  fubftances  differing 

(x)  Agaric  is  a  fungus  growing  on  the  trunk  of  the  common 
larch  tree,  from  which  turpentine  is  obtained.  Three-fourths  of 
it  is  a  refinous  fubftance,  and  the  remainder  is  a  flimy  mucila- 
ginous earthy  matter,  fo  tenacious  as  fcarcely  by  any  method  to 
be  di/Tolved  by  water. 

(y)  Agate  is  a  flint  variegated  with  different  colors  blended 
together,  and  fome'imes  with  colored  lines  and  dendritical 
figures,  as  the  mocha  fione,  which  is  a  variety  of  agate,  or  with 
red  fpots,  as  the  fardea  or  St  Stephen's  gem,  which  alfo  are  varieties 
of  this  ftone  For  the  chemical  properties  of  agates,  /^Earths 
(Vitrjfiable).  By  fire  the  color  o'i  a  white  agate,  called  chal- 
cedony, was  rendered  whiter,  and  the  color  of  a  black  agate  was 
not  changed.  Colors  may  be  given  to  agates,  or  their  natural 
colors  may  be  changed.  Mr.  du  Fay,  in  the  Memoirs  of  the 
Academy  of  Sciences,  1728,  relates,  that  to  chalcedony  a  fatu- 
rated  folution  of  filver  in  ftrong  fpirit  of  nitre  gave  a  reddifh 
brown  color,  to  oriental  agate  a  blacker  ftain,  and  changed  the 
yellow  fpots  of  an  agate  to  purple.  The  ftone  after  the  appli- 
cation of  the  metallic  folution  ought  to  be  placed  in  the  fun  ; 
and  the  color  may  be  rendered  more  intenfe  by  repeating  the 
application  of  the  folution.  The  liquor  fpreads  fo  much  on  the 
ftone,  that  neat  defigns  cannot  be  made  on  it.  Dr.  Lewis  pro- 
pofes  to  remedy  this  inconvenience  by  covering  the  ftone  over 
with  etching  wax,  and  the  lines  intended  to  be  ftained  cut  through 
this  ground,  in  the  manner  of  etching  copper-plates.  The  colors 
given  to  thefe  ftones  may  be  deftroyed  by  fire  or  by  aqua  fortis;  and 
the  colors  thus  deftoroyed  by  aqua  fortis  are  recoverable  by  expo- 
fure  to  the  fun.  Agates  and  other  ftones  may  be  ftained.  black 
by  applying  to  them  a  folution  of  copper  in  aqua  fortis,  and 
afterwards  expofjng  them  to  a  red  heat  in  a  crucible.  See  Lewis's 
Commerce  of  Arts.  Mocha  ftones  may  be  imitated  by  moiftcning 
the  fmooth  furiace  of  an  agate  with  the  folution  of  copper,  and 
on  the  middle  cf  this  furface  fetting  an  iron  nail  upright  on  its 
head.  The  iron  abforbs  the  acid  from  the  copper,  and  the  cop- 
per forms  ramification's.  If  the  nail  be  then  removed,  and  the 
corroded  iron  carefully  wafhed  off  by  dipping  the  ftone  in  water, 
the  vegetations  may  be  rendered  by  a  red  heat  of  a  black  color. 
Thefe  vegetations  are  not  fixed  in  the  ftone,  which  ought  there- 
fore to  be  covered  with  a  plate  of  cryftal  glafs. 
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in  nature  from  each  other,  which,  by  their  union  and  mu- 
tual combination,  really  conjHtute  mixed  bodies,  which  par- 
take of  the  properties  of  their  conftituent  parts.  For  example, 
the  conftituent  parts  of  common  fait  are  an  acid  and  an  alkali, 
which  ought  to  be  confidered  as  the  principles  of  this  fait, 
at  leaft  as  its  proximate  principles.  See  Principles.  As 
this  acid  and  alkali  are  what  really  conftitute  common  fait, 
and  are  the  parts,  to  the  union  of  which  it  owes  its  exiftence 
and  properties,  it  is  evident  that  the  conftituent  parts  cannot 
be  difunited  from  each  other,  without  deftroying  and  decom- 
pofing  it :  fo  that  after  fuch  a  difunion,  the  fait  will  no 
longer  exift,  but  only  the  acid  and  the  alkali  of  the  fait, 
which  are  very  different  from  the  fait,  and  from  each  other. 

On  the  contrary,  the  integrant  parts  of  bodies  do  not 
abfolutely  differ  from  each  other  ;  nor  do  they  differ,  as  to 
the  nature  and  principles,  from  the  body  into  whofe  mafs 
they  enter.  By  the  integrant  parts  of  a  body,  are  to  be 
underftood  the  fmalleft  molecules  or  particles  into  which 
this  body  can  be  reduced  without  decompofition.  We  may 
conceive  that  a  neutral  fait,  for  inftance,  common  fait,  may 
be  divided  into  molecules  ftill  fmaller  and  fmaller,  without 
any  feparation  of  the  acid  and  alkali  which  conftitute  the 
fait ;  fo  that  thefe  molecules,  however  fmall,  fhall  always 
be  common  fait,  and  pofTeffed  of  all  its  effential  properties. 
If  we  mould  now  fuppofe  that  thefe  molecules  are  arrived  at 
their  utmoft  degree  of  fmallnefs,  fo  that  each  of  them  fhall 
be  compofed  of  one  atom  of  acid  and  of  another  atom  of 
alkali,  and  that  they  cannot  be  further  divided  without  a 
feparation  of  the  acid  and  alkali,  then  thefe  laft  molecules 
are  thofe  which  Mr.  Macquer  in  his  Chemical  Lectures  calls 
primary  integrant  molecules. 

In  the  fame  manner  that  we  conceive  that  a  body  may  be 
divided  into  its  primary  integrant  molecules,  without  any 
change  of  its  nature,  or  other  alteration  than  a  diminu- 
tion of  its  bulk  j  fo  we  may  alio  eafily  perceive,  that  if  thefe 
primary  integrant  molecules,  which  are  all  homogeneous 
and  cf  the  fame  nature,  and  which  are  fuppofed  feparated 
from  each  other,  mould  be  brought  to  unite  and  combine 
together,  no  new  body,  that  is,  a  body  of  different  nature, 
will  refult  from  this  union,  but  only  a  more  conliderable 
mafs  of  the  fame  body  :  that  is  to  fay,  for  inftance,  that  if 
the  primary  integrant  molecules  were  common  fait,  their 
reunion  would  ftill  form  common  fait,  only  in  a  mafs  fo 
much  larger,  as  there  is  a  greater  number  of  thefe  molecules 
united  together.    But  it  is  the  union  of  thefe  homogeneous 

parts, 
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parts,  of  thefe  primitive  integrant  molecules,  which  modern 
chemifts  have  called  aggregation ;  and  they  have  called  aggre- 
gates bodies  confidered  as  resulting  from  their  primary 
integrant  parts,  in  oppofition  to  the  names  miitt  and  com- 
pounds,  which  they  have  given  to  bodies  confidered  as 
refulting  from  the  union  of  their  conftituent  parts,  which 
are  fubltances  heterogeneous,  and  of  different  natures. 

The  name  of  integrant  parts,  which  has  been  given  to 
thole  whofe  union  forms  aggregates,  agrees  well  with  them  ; 
becaufe,  in  fact,  this  union  is  a  kind  of  addition  or  integra- 
tion (if  fuch  a  word  may  be  ufed)  of  a  certain  number  of 
parts  of  the  fame  kind,  whence  refults  a  fum,  or  a  whole. 

It  is  very  efTential  to  obferve  on  the  fubjedr.  of  aggrega- 
tion, that  we  mould  have  a  very  falfe  idea  of  it,  and  entirely 
oppofite  to  chemical  phenomena,  if  we  underitood  by  this 
word  nothing  but  a  fimple  juxtapofition  of  the  integrant 
parts  of  bodies :  for  befides  that,  there  muft  be  a  jeai 
adhefion  and  intimate  union  of  thefe  fame  parts  with  each 
other,  fo  that  they  cannot  be  feparated  but  by  fome  force 
fuperior  to  that  by  which  they  are  united.  A  heap  of  fand, 
for  example,  if  we  confider  the  grains  of  fand  as  its  integrant 
parts,  cannot  be  regarded  as  an  aggregate,  becaufe  thefe 
grains  are  only  juxtapojited^  and  have  no  real  adhefion  to- 
gether; fo  that  the  reiiftance  which  they  oppofe  to  their 
ieparation  can  only  proceed  from  their  gravity,  and  is  not 
the  effect,  of  adhefion,  or  tendency  to  each  other. 

In  the  fecond  place,  it  is  neceffary  to  obferve  on  the 
fubjecr.  of  aggregation,  that  the  force  of  adhefion  of  the 
integrant  parts  of  different  bodies  varies  much,  according  to 
the  nature  of  thefe  bodies,  fome  of  them  adhering  verv 
ftrongly,  and  others  very  weakly ;  and  that  thofe  which 
adhere  weakly  are  generally  the  eafieft  to  be  diffolved,  con- 
fidering  that  the  folutionof  a  body,  or  its  combination  with 
another  body  of  a  different  nature,  cannot  be  effected  but  fo 
far  as  the  integrant  parts  of  thefe  bodies  are  feparated,  or 
their  aggregation  is  broken ;  which  is  partly  done  by  the 
operations  of  art,  but  chiefly  by  the  action  of  menftruums. 

All  thefe  confiderations  on  the  agoreo-ation  of  bodies, 
although  very  fimple  in  themfelves,  are  of  the  greateft 
importance  in  the  theory  and  practice  of  chemical  opera- 
tions. Becker  and  Stahl  were  the  firft  who  explained 
thefe  ideas,  which  have  been  fince  illuftrated  and  extended 
by  the  beft  modern  chemifts.  See  the  words,  Affinity, 
Composition,  Solution,  Decomposition,  Division: 
of  Bodies. 

AIR. 
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AIR.  Air  is  a  fluid  invifible,  inodorous,  infipid,  im- 
perceptible to  all  our  i'enfes  but  the  touch,  and  is  confidered 
as  a  fimple  elementary  body,  and  primary  principle,  be- 
caufe  it  cannot  be  akered  or  decompofed  by  any  known 
methods. 

The  air  is  always  in  form  of  a  fluid,  though-  perhaps  that 
fluidity  is  not  eflential  to  it.  But  it  is  certain  that  no  cold 
has  ever  yet  been  produced,  natural  or  artificial,  ftrong 
enough  to  deprive  it  of  its  fluidity. 

We  cannot  flatter  ourfelves  that  we  can  have  air,  any 
more  than  the  other  elements,  in  perfect  purity.  On  the 
contrary,  it  is  always  found  mixed  with  more  or  lefs  of 
foreign  fubftances,  proceeding  from  a  perpetual  exhalation 
of  volatile  matters,  and  particularly  of  water,  with  which 
it  has  even  a  certain  degree  of  adhelion. 

The  primary  integrant  parts  of  air,  although  certainly 
very  fmall,  yet  are  not  fo  fmall  as  thofe  of  water,  and  even 
thofe  of  other  liquids  lefs  fimple,  fuch  as  fpirit  of  wine  and 
oils  :  at  leaft,  thefe  liquids  pafs  eafily  enough  through  the 
pores  of  feveral  fubftances,  fuch  as  paper,  the  fkin,  &c. 
through  which  the  air  does  not  pafs,  or  pafTes  with  diffi- 
culty. 

The  experiments  of  Mr.  Boyle,  and  more  particularly 
thofe  of  Dr.  Hales,  related  in  his  Vegetable  Statics,  prove 
that  moft  vegetable  and  animal  matters  contain  a  prodigious 
quantity  of  air ;  and  fcarcely  credible,  if  the  effects  it  pro- 
duced were  not  fo  confiderable  and  fenfible.  Chemical 
experiments  alfo  give  us  many  occafions  not  only  of  obferving 
thefe  phenomena,  but  alfo  of  afcertaining  the  quantity  of 
air  difengaged,  or  abforbed  in  feveral  operations,  (z) 

It  appears  that  air,  as  well  as  other  primary  principles, 
is  found  in  bodies  in  two  different  ftates  :  that  is  to  fay, 
that  in  certain  bodies,  and  in  certain  circumftances,  it  is 
merely  difperfed  and  interpofed  betwixt  the  integrant  parts 
of  thofe  bodies,  but  without  adhering  to  thefe  parts,  or  at 
leaft  adhering  but  very  weakly.  This  air,  which  may  be 
feparated  by  means  purely  mechanical ;  fuch  as  the  opera- 
tions of  the  air-pump,  compreflion,  or  making ;  and  which 
befides  poffefles  all  its  other  properties,  ought  not  to  be  con- 
sidered as  one  of  the  elements  of  thofe  bodies  in  which  it 
exifts.    But  that  portion  of  air  which  cannot  be  feparated 

(z)  The  permanently  elaflic  fluids  produced  in  diftillations  and 
©ther  chemical  operations  are  very  different  in  many  efTential  pro- 
perties from  atmofpherical  air,    See  Gas. 

from 
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from  many  bodies  but  by  anaryfing  them,  and  by  employing 
fueh  means  of  decompoiition  as  chemiftry  furniihes;  winch, 
befides  while  it  remains  in  thofe  bodies,  is  deprived  of  one 
of  its  elTential  properties,  its  elafticity,  which  it  does  not 
recover  till  it  is  difengaged ;  this  sdr,  I  fay,  ought  truly 
to  be  confidered  as  one  of  the  elements  or  conftitue'nt  parts 
of  thefe  bodies. 

The  properties  of  pure  air,  and  which  occafion  many 
effects  in  chemiftry,  are  : 

1.  Its  expanfive  power;  that  is  to  fay,  that  it  is  capable  of 
great  rarefaction,  and  of  occupying  a  fpace  thirteen  times 
larger  than  its  original  fize,  when  it  is  expofed  to  the 
greatefr  poflible  heat.  This  great  expanfibility  of  air,  added 
to  the  prodigious  quantity  of  it  which  is  difengaged  in  many 
chemical  analyfes  and  mixtures,  occufions  frequently  violent 
explofions,  againft  which  an  intelligent  artift  ought  always 
to  be  on  his  guard,  [a) 

2.  Its  compreJJibility>  that  is  to  fay,  that  the  efFecT:  contrary 
to  that  we  have  been  mentioning,  is  produced  upon  it  by 
means  of  cold  and  of  pr-jfTure. 

3.  Its  elaftkity\  which  is  nothing  elfe  than  the  force  with 
which  it  endeavours  to  refume  its  natural  condition,  when 
it  is  violently  rarefied,  comprefled,  or  condenfed  ;  and  the 
effort  which  it  makes  for  that  purpofe  upon  bodies  which 
oppofe  its  re-eftablifhment. 

4.  Its  weight  \  which  determines  it  to  fall  impetuoufly  into 
all  the  fpaces  into  which  it  can  have  accefs,  and  which  are 
unoccupied  by  air,  or  more  ponderous  bodies.  The  experi- 
ments which  deriionftrate  all  thefe  properties  of  the  air  are 
fo  numerous  and  decifive,  that  nothing  is  better  known  and 
illuftrated  in  natural  philofophy.  On  this  fubjedt  may  be 
confulted  the  works  of  Pafcal,  Boyle,  Mariotte,  Abbe  Nollet, 
and,  in  a  word,  of  all  the  experi mental  philofophers.  It 

(a)  vAir  is  expanded  f  of  its  bulk  by  the  heat  of  boiling  water. 
See  the  Hijlory  of  the  Academy  of  Sciences  1699.  Hales  found  that 
the  air  in  a  retort,  when  the  bottom  of  the  vefTel  was  juft  be- 
ginning to  be  red-hot,  was  expanded  to  twice  its  former  fpace, 
and  in  a  white  or  almoft  melting  heat  it  occupied  thrice  its  former 
fpace  or  more ;  and  Mr.  Robins,  a  very  accurate  experimental 
philofopher,  found  that  air  was  expanded  by  the  heat  of  iron  juft 
beginning  to  be  white  to  four  times  its  fize.  As  greater  expan- 
fions  cannot  be  well  eftimated,  I  prefume  there  is  an  error  in  that 
part  of  the  text  to  which  this  note  refers,  where  the  air  is  faid  to 
be  capable  of  expanfion  to  thirteen  times  its.  ordinary  balk. 
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is  only  neceflary  to  obferve  here,  that  the  fpecific  gravity  of 
air  is  to  that  of  water,  nearly  as  i  to  850. 

5.  The  faculty  which  the  air  has  of  confiderably^/V/ta/- 
ing  the  evaporation  of  volatile  matters  fublimed  by  the  fire. 
It  is  a  well  eftabliihed  fact  in  chemiftry,  that  the  accefs  of 
air  greatly  accelerates  all  evaporations  and  diftillations.  We 
lee,  for  example,  that  by  directing  the  blaft  of  bellows  upon 
the  furface  of  any  volatile  body  evaporating  by  means  of  fire, 
as  water,  antimony,  mercury,  &c.  that  the  fmoke  or  vapors 
of  thefe  bodies  are  very  fenlibly  encreafed.  It  is  alfo  cer- 
tain that  any  diftillation  of  a  liquor,  as  of  water,  is  much 
haftened,  by  directing  upon  its  furface  in  the  inner  part  of 
the  alembic,  the  wind  of  a  ventilator,  as  an  Englifh  author 
has  propofed.    See  Distillation  and  Evaporation. 

6.  Laftly,  the  moft  fingular  property  of  air,  and  at  the 
ifame  time  one  of  the  moft  interefting  in  chemiftry,  is,  that 
no  combuitible  fubftance  can  burn  without  its  accefs ;  and 
that  the  more  ftrongly  it  is  impelled  againft  burning  bo- 
dies, the  more  rapid  is  the  ccmbuftion.  Hence  it  follows, 
that  as  moft  chemical  operations  cannot  be  performed  with- 
out the  afliftance  of  fire,  a  conftant  current  of  air  more 
or  lefs  ftrong,  and  in  a  certain  direction,  is  neceflary  to 
produce  the  heat  requifite  in  thefe  operations.  Thefe 
currents  of  air  are  procured  by  bellows  applied  either  to  a 
forge,  or  to  a  melting  furnace ;  or  they  are  procured  merely 
by  the  conftruction  of  the  furnaces  which  is  done  in  fuch  a 
manner,  that  by  means  of  a  fpace  left  in  the  upper  part  of 
the  furnace,  in  which  the  heat  keeps  up  a  perpetual  vacuum, 
the  external  air  is  determined  and  forced  to  enter  by  the 
afh-hole,  to  fill  the  vacuum  above,  and  confequently  forms 
a  current  which  conftantly  pafles  through  the  file,  and 
which  is  fo  much  more  ftrong  and  rapid  as  the  vacuum  of  the 
furnace  above  is  greater.  That  is  a  fundamental  principle 
from  which  general  rules  may  be  deduced,  applicable  to 
the  conftruction  of  all  poflible  furnaces.  See  Bellows, 
Fcrge,  and  Furnace. 

Boerhaave,  in  his  Treatife  on  Fire,  and  M.  Gerike, 
Doctor  of  Phyfic,  and  Member  of  the  Royal  Academy  of 
Berlin,  who  has  alio  given  a  very  large  Differtation  on  Fire, 
in  a  very  good  work,  printed  in  1741,  entitled  Fundamenta 
Chymice  Rationally  are  of  opinion,  that  the  accefs  of  air  is 
neceflary  to  the  combuftion  of  fubftances ;  becaufe,  by  its 
weight  and  fpring,  it  keeps  the  flame  conftantly  applied  to 
the  combuftible  body,  and  encreafes  their  contact. 


[To  be  placed  in  V il.  /.  facing  the  article  A  f  f  i  n  i  t  v  . 
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But  this  theory  does  not  fufficiently  explain  why  com~ 
buftible  bodies  may  be  kept  red-hot  in  clofe  vefTels,  without 
any  confumption  ;  becaule  then  it  cannot  be  doubted  but 
that  the  matter  of  fire  is,  by  the  movement  excited  during 
ignition,  continually  applied,  and  even  impelled  upon  the 
combuftible  body,  without  its  burning  or  confuming.  It 
has  then  all  the  appearance  of  a  body  burning  and  pene- 
trated by  fire,  but  it  is  by  an  extraneous  fire  that  it  is  fo 
penetrated  j  its  own  inflammable  matter  is  not  confumed, 
and  refts  unalterable  in  midft  of  a  moft  intenfe  fire. 

However  this  be,  it  is  very  certain  that  the  accefs  of  air 
is  indifpenfibly  neceflary  to  maintain  the  combuftion  of  bo- 
dies. But  it  is  at  the  fame  time  very  difficult  to  find  the  true 
caufe  of  this  fact.  The  phenomena  of  combuftion  feem  to 
prove,  that  the  air  materially  concurs  to  the  production  of 
flame,  and  makes  a  part  of  it :  for  a  given  quantity  of  air 
can  maintain  only,  during  a  limited  and  determinate  time, 
the  combuftion  of  a  certain  quantity  of  inflammable  mattej*. 
If,  for  example,  a  lighted  wax  candle  be  placed  under  an 
inverted  glafs  bell,  which  is  joined  exactly  to  its  fupport, 
the  flame  of  the  wax  candle  fubfifts  during  a  certain  time, 
fo  much  longer  as  the  bell  is  larger,  but  conftantly  diminifh- 
ing  till  at  length  it  is  extinguished  ;  becaufe  the  quantity  of 
air  contained  in  the  bell  being  a  determinate  quantity,  and 
not  capable  of  being  renewed,  cannot  ferve  but  for  a  certain 
quantity  of  combuftion.  Another  phenomenon  worthy  of 
obfervation  in  this  experiment  is,  that  after  the  extinction 
of  the  wax  candle,  a  real  vacuum  is  formed  under  the  bell, 
which  is  then  as  ftrongly  prefTed  upon  its  fupport,  as  if  a 
vacuum  had  been  made  by  an  air-pump;  which  proves 
demonstrably  that  the  air  which  it  included,  materially  con- 
curred to  the  production  of  flame ;  fince,  if  it  were  not  fo, 
the  air  being  greatly  rarified  by  the  heat  within  the  bell, 
would,  on  the  contrary,  make  an  effort  to  raife  itfelf,  and 
would  efcape  violently  as  foon  as  it  could. 

If  we  reflect  but  a  little  on  thefe  phenomena,  many 
quefrions  occur  very  interefting,  but  at  the  fame  time  very 
difficult  of  folution.  In  fact,  does  the  air,  which  difappears 
in  this  experiment,  form  a  new  compound  with  the  inflam- 
mable principle  of  the  burnt  body  by  a  new  combination  ? 
If  it  be  fo,  what  is  this  compound  ?  and  what  becomes  of  it  ? 
or  is  the  air  itfelf  a  neceilary  pabulum  or  food  of  flame  ?  Is  it 
decompofed  by  the  act  of  combuftion  ?  If  fo,  the  air  is  not 
a  iimple  body  :  what  then  is  the  nature  of  its  principles  ? 
and  what  becomes  of  them  ? 

•Vol.  I.  E  AIR 


ALEMBIC 

be  procured  by  diftillation  have  no  confiderable  action  upon 
metals,  and  when  they  are  fufceptible  of  rifing  with  a  degree 
of  heat  which  dees  not  exceed,  or  but  little,  the  heat  of 
boiling  water,  copper  alembics  well  tinned  in  their  internal 
furface  are  employed. 

The  rr.oft  convenient  of  thefe  alembics,  and  which  may 
be  employed  for  many  kinds  of  diftillation,  are  compofed  of 
the  following  pieces.  The  firft  is  a  kind  of  pot  deiigned 
to  contain  either  the  matters  intended  for  diftillation,  or 
water,  in  which  is  immerfed  another  fmaller  vefiel  of  the 
fame  form,  and  made  to  contain  the  matters  intended  for 
diftillation  by  the  water-bath.  Thefe  pieces  of  the  alembic 
are  called  in  general  cucurbits;  becaufe  formerly  they  were 
of  an  oblong  form,  upright,  contracting  themfelves  in  their 
upper  part,  and  diminishing  into  a  kind  of  neck,  which 
made  them  refemble  a  cucurbit,  or  gourd,  or  a  bladder,  by 
which  latter  name  alfo  they  have  been  diftinguiftied. 

The  cucurbits  of  copper  alembics  ufed  now  have  no 
refemblance  to  this  form  :  on  the  contrary,  they  are  broad, 
not  very  deep,  and  wide.  This  new  form  of  cucurbits  is 
much  more  advantageous,  as  by  it  the  diftillations  are  much 
accelerated,  with  equal  heat.  The  reafon  of  this  is,  that 
the  quicknefs  of  diftillation  is  always  proportionable  to  the 
quicknefs  of  evaporation  ;  and  that  as  evaporation  is  always 
made  at  the  furface  of  bodies,  the  more  furface  thefe  bodies 
prefent,  the  more  quick  and  eafy  will  be  the  evaporation. 
But  the  broad  and  wide  form  of  modern  cucurbits  is  in- 
finitely more  proper  for  the  expofing  of  much  furface  of  the 
bodies  contained,  and  particularly  of  liquid  bodies,  than 
the  form  of  the  ancient  cucurbits,  which  were  high  and 
ftrait. 

The  firft  of  thefe  two  pieces  is  of  copper,  that  it  may 
refift  the  action  of  the  fire  :  the  fecond  is  generally  of  tin, 
and  ought  to  be  fo  fhaped,  that  it  can  enter  exactly  into  the 
former  piece,  and  that  they  mould  fit  fo  well  as  to  render 
any  luting  unneceflary. 

There  ought  to  be  a  fmall  pipe  or  neck  at  the  upper  part 
of  the  firft  piece,  which  may  be  exactly  clofed,  and  through 
which  water  or  other  fluid  may  be  introduced  at  pleafure. 

The  third  piece  of  the  alembic  is  called  the  capital,  be- 
caufe it  is  a  kind  of  head.  This  piece  has  the  form  of  a 
hollow  cone.  It  is  furnifhed  with  a  gutter  or  channel, 
which  is  placed  along  its  inner  and  lower  circumference. 

This  capital  has  alfo  in  its  lower  part  a  kind  of  neck, 
which  ought  to  enter  fo  exactly  into  either  of  the  two 

former 
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Former  pieces,  as  no  luting  fhall  be  nqceflary.  Laftly,  It 
ought  to  have  a  pipe,  called  the  beak,  which  opens  inwardly 
Lnco  the  gutter. 

This  beak  ought  to  be  from  fifteen  to  eighteen  inches  ex- 
ternally, and  fo  inclined,  that  it  fhall  make  with  the  neck 
of  the  alembic  an  angle  of  about  fcxty  degrees. 

The  fourth  piece  of  a  copper  alembic  is  called  the  re- 
frigeratory. It  is  a  kind  of  bucket,  furrounding  the  capital, 
to  which  it  is  exactly  foldered  in  its  lower  part.  In  this, 
near  its  bottom,  is  inferted  a  cock.  The  ufe  of  the  refri- 
geratory is  to  contain  cold  water  to  facilitate  the  condenfa- 
tion  of  vapors  circulating  in  the  capital.  Its  cock  ferves 
to  empty  the  water  when  it  is  become  too  hot,  that  it  may 
be  fupplied  with  cold. 

As  in  copper  alembics  the  refrigeratory  and  capital  are 
joined,  they  may  be  confidered  as  making  only  one  piece. 
However,  it  is  neceflary  to  diftinguifli  them ;  firfr,  becaufe 
their  ufes  arc  very  different;  and,  fecondly,  becaufe  the 
refrigeratory  is  not  eflential  to  the  alembic.  Several  chemifts, 
good  operators,  are  doubtful  concerning  its  utility,  particu- 
larly fince  the  cuftom  was  introduced  of  applying  worms  to 
alembics. 

The  worm  is  a  long,  tin,  fpiral  pipe,  included  in  a  copper 
bucket,  fo  that  its  upper  and  lower  extremities  fhall  come 
out  of  the  bucket  by  two  holes,  round  which  they  are  well 
foldered.  The  upper  extremity  of  the  worm  receives  the 
beak  of  the  alembic,  and  its  lower  extremity  enters  into  a 
receiver  fitted  to  it.  The  bucket  containing  the  worm  is 
filled  with  cold  water,  which  cools  and  condenfes  the  vapors 
pafTing  through  it.  The  principal  advantage  which  this 
refrigeratory  has  over  that  furrounding  the  capital,  js,  that 
it  is  not  fubject  to  retard  or  even  to  flop  the  diftillation, 
as  this  latter  one  is  :  for  this  inconvenience  has  been  ob- 
ferved  to  happen,  whenever  the  capital  of  the  alembic  has 
been  cxpofed  to  a  certain  degree  of  cold.  There  is  in  M. 
Beaume's  Elements  of  Pharmacy  a  very  exact  defenptien, 
and  a  good  engraving  of  a  copper  alembic  with  its  worm. 

The  alembics  defcribed  are  of  great  ufe  for  the  diftillation 
of  the  fpiritus  reiior  of  vegetables,  of  their  dijlilled  xvaters, 
of  thtir  ejfential  oils,  of  pure  ardent  fpirit^  of  fpirits  charged 
Avith  the  odoriferous  principles  of  plants,  and  alio  for  many 
Other  diftillations  of  this  kind.  But  as  it  is  frequently 
necefTary  to  ci  i ft  ill  in  alembics  acid  and  faline  liquors  capable 
of  attacking  merals,  glafs  alembics  are  employed  for  fuch 
diftillations  :  and  thefc  are  generally  compofed  of  only  two 
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pieces,  namely,  a  cucurbit,  and  a  capital,  which  is  fitted 
above  and  joined  by  luting.  There  are  glafs  cucurbits, 
high  and  ftrait,  which  may  be  ufeful -for  the.  diftillation  of 
certain  very  volatile  fubftances.  Others  are  made  mallow 
and  broad,  and  thefe  hav;  the  fame  advantages  from  their 
form  as  the  metal  ones  have. 

To  avoid  the  luting  of  the  capital  with  the  Cucurbit,  thefe 
glafs  alembics  have  been  made  of  one  entire  piece.  The 
capital  of  thefe  alembics,  which  are  of  cryftal  glafs,  ought 
to  have  an  opening  at  its  top,  which  may  be  exactly  clofed 
with  a  cryfbl  ftopper  ground  with  emery.  This  opening  is 
intended  for  the  introduction  of  matters  to  be  diftilled,  and 
for  the  extraction  of  the  refiduums  after  diftillation.  Thefe 
alembics  of  one  piece,  although  fometimes  convenient,  are 
feldom  employed  on  account  of  their  dearnefs,  and  of  the 
difficulty  of  introducing,  and  of  extracting  folid  matters. 

There  are  alfo  made  cucurbits  of  ftone-ware,  and  of  glazed 
earthen  ware,  which  are  ufeful  in  many  cafes.  See  at  the 
word  Distillation  fever  al  observations  relative  to  the  form 
and  matter  of  alembic    See  Plate  I. 

ALKAHEST.  This  is  a  name  given  by  ancient 
chemifts  to  a  pretended  univerfal  menftruum.  Such  a  men- 
ftruum either  does  not  exift,  or  elfe  there  is  not  any  body  in 
nature  which  may  not  become  an  alkaheft.  For  although 
certain  fubftances  have  not  hitherto  been  combined  with 
others,  the  daily  difcoveries  in  chemiftry  of  combinations 
formerly  believed  impomble,  feem  to  prove,  that  by  certain 
management,  and  certain  circumftances,  any  fubftance  may 
be  combined  with  all  others ;  or,  in  other  words,  that  all 
bodies  may  be  difTolved  by  any  fingle  fubftance  (b). 

ALKALESCENT.  This  word  is  employed  to  de- 
note a  matter  flightly  alkaline,  or  which  begins  to  turn  to 
the  alkaline  and  putrid  fermentation. 

ALKALI  (FIXED).  Fixed  alkali  is  a  fubftance 
compofed  of  acid,  of  earth,  and  of  a  little  phlogifton  ;  and 
v/hofe  principles  have  to  each  other  a  weaker  adhefion,  than 
the  principles  of  any  acid  have  to  each  other.  There  are 
feveral  kinds  of  faline  alkaline  fubftances.  Thefe  are  vege- 
table alkali,  mineral  or  foffile  alkali,  and  volatile  alkali. 
They  are  all  called  by  the  general  name  Alkali^  becaufe  the 
following  properties  are  common  to  them  all. 

{f)  Kunckel  very  well  /hews  the  abfurdity  of  fearching  for  an 
univerfal  folvent  by  afking,  "  If  it  diffolves  all  fubftances,  in 
what  vefei  can  it  be  contained  ?" 

I.  Alkalies 
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1.  Alkalies  mav  eafily  be  obtained  dry  and  concrete,  and 
freed  from  all  water  unneceflary  to  their  faline  eflence  (f). 
When  they  are  in  this  ftatc, 

2.  They  produce  heat  by  add  inn;  water  to  them. 

3.  They  attract  the  moifture  of  the  air,  and  deliquiate 
into  a  liquor  (d). 

4.  They  change  the  color  of  fyrup  of  violets  into  green, 
whether  they  be  dry  or  fluid  (e). 

5.  They  have  an  acrid,  burning  tafte,  fo  much  ftronger  as 
they  are  purer  and  dryer.  This  tafte  has  fomething  urinous  \ 
and  hence  they  are  called  by  fome  chemifts  urinous  falts. 
They  are  alfo  called  lixivial  /hits,  becaufe  the  method  of 
obtaining  fixed  alkalies  confifts  in  lixiviating  the  allies  of 
certain  vegetable  fubftances. 

6.  They  partly  exhale  with  water,  particularly  when  . 
boiled  in  open  air. 

7.  When  they  are  dryed  and  re-diftblved,  fome  earth  is 
always  feparated  from  them. 

8.  They  may  be  fufed  by  a  moderate  heat. 

9.  When  fufed,  they  diftblve  all  earths. 

10.  When  added  to  earths,  and  particularly  to  thofe  called 
verifiable  earths,  and  expofed  to  a  fufficient  degree  of  heat, 
they  and  the  earths  become  glafs.    See  Vitrification. 

11.  When  added  in  a  large  proportion  to  the  earths 
with  which  they  are  fufed  or  vitrified,  they  communicate  to 
thefe  earths  all  their  own  properties.    See  Liquor  ij/Tlints. 

j 2.  They  cfFervefce  and  unite  with  acids  to  the  point  of 
fituration  more  perfectly  and  more  intimately  than  pure 
abforbent  earths,  and  from  this  union  refult  different  neutral 
falts. 

13.  They  dccompofe  all  falts  with  bafes  of  earths,  metals, 
or  volatile  alkali.  They  Separate  thefe  bafes,  and  unite  with 
the  acids  of  the  falts,  with  which  they  form  new  neutral 
falts.  This  is  an  example  of  ftronger  affinity,  from  whence 
refult  a  new  decompoiltion  and  a  new  combination. 

(c)  Volatile  alkali  retains  water  fo  ftronglv,  that  it  cannot  be 
obtained  dry,  unlefs  by  combining  it  with  fixable  air,  and  then 
it  becomes  crylhillizable.  The  fixed  alkalies  may  be  rendered 
dry  by  application  of  heat,  but  are  only  cryftallizable  by  help  of 
fixable  air.    See  Gas 

(d)  Mineral  alkali  does  not  deliquiate  by  expofure  to  air; 
but  on  the  contrary,  when  cryftallized,  it  is  apt  to  become  dry, 
and  to  lofe  the  water  which  is  neceffary  to  its  cryftalline  Hate. 

(e)  Concerning  the  effects  of  acids  and  alkalies  on  the  color  of 
< ,  1  up  of  violets,  Jet  the  note  (d)  Jubjoined  to  the  article,  Acid. 

E  4  Alkaline 
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Alkaline  faits  being  fubftances  pretty  fimple,  as  well  as 
acids,  are  pov/crful  folvents.  They  are  capable  of  combining 
not  only  with  all  acids  and  with  all  earths,  as  we  have  faid, 
but  alfo  with  fulphur  and  with  oily  matters.  With  fulphur 
they  form  a  fulphureous  feap,  foluble  in  water,  called  liver 
of  fulphur;  which  fee. 

With  oils,  fat,  refits,  fee.  they  form  compounds,  which 
have  been  called  fcaps.  In  each  of  thefe  combinations,  the 
alkali  is  a  medium  by  which  the  inflammable  fubftance, 
naturally  unfoluble,  and  even  immifcible  in  water,  becomes 
inifcible  and  foluble  in  that  liquid.    See  Soap. 

Thefe  faline  fubftances  can  acf.  alfo  upon  fpirit  of  wine, 
when  they  are  deprived  of  all  the  water  unneceflkyy  to  their 
effence  as  falts.  Alkalies,  in  that  ftate,  applied  to  fpirit  of 
wine,  firft  deprive  it  of  its  fuperfluous  water ;  afterwards, 
when  in  a  proper  proportion,  they  acl:  upon  its  own  fubftance, 
by  combining  with  it,  and  caufing  feveral  alterations,  and 
even  a  decompofition  of  its  parts.  See  Spirit  of  Wine 
(Tartarised),  and  Tincture  of  Salt  of  Tartar. 

Laftly,  alkalies  act  upon  metallic  fubftances  with  more 
or  lefs  facility,  according  to  their  natures,  and  the  different 
means  employed ;  which  mall  be  mentioned  under  the  fe- 
veral articles  of  the  alkalies  and  metals. 

N.  B.  All  that  has  been  faid  above  concerning  alkalies, 
may  be  applied  to  all  the  feveral  kinds  of  alkalies,  even  to 
thofe  called  'Volatile,  excepting  thofe  properties  which  depend 
upon  fixity.  Hence  this  article  is  applicable  to  alkalies  in 
general.  But  it  is  neceftary  to  obferve, 1  that  a  very  juft  idea 
cannot  be  formed  of  thefe  generalities,  without  entering  into 
the  details  of  what  concerns  the  feveral  kinds.  See  for  the 
affinities  of  fixed  alkali,  and  for  its  medicinal  virtues,  the  word 
Alkali  (Fixed  Mineral). 

ALKALI  (FIXED  VEGETABLE).  Thisname 
is  given  to  ail  fixed  alkalies  obtained  by  burning  any  vege- 
table fubftances,  and  which  have  not  the  properties  of  the 
alkali,  which  is  the  bafis  of  common  fait,  which  has  been 
called  the  alkali  of  common  fait,  the  marine  alkali,  mineral  or 
foffil  alkali. 

The  common  method  of  obtaining  fixed  alkalies  from 
vegetable  fubftances,  confifts  in  burning  thefe  fubftances 
freely  and  in  open  air,  till  they  be  reduced  to  afhes.  See 
Combustion  of  Plants.  After  which  thefe  afhes  are 
lixiviated  with  very  pure  water,  till  the  water,  comes  from 
Them  infipid.  This  lixivium  is  evaporated  to  drynefs  ;  and 
what  remains  is  the  fixed  alkaline  fait  of  the  plant,  which 

-  may 
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may  be  deprived  of  its  fuperfiuous  water  and  fuperflttGUS 
phlogifton  by  calcination  with  a  long  and  gentle  fire. 

Fixed  alkalies  obtained  from  any  vegetable  matters  when 
well  prepared  and  carefully  purified  by  means  hereafter  to 
be  defcribed,  are  all  exactly  alike,  and  have  the  fame  pro- 
perties ;  fo  that  they  are  only  one  and  the  fame  kind  of 
faline  fubltance.  But  as  it  is  very  difficult  to  procure  this 
fait  in  its  utmoft  degree  of  purity,  and  as,  in  this  refpect, 
there  is  a  difference  betwixt  thole  obtained  from  different 
vegetable  matters,  fome  of  them  being  naturally  purer  or 
more  eafily  fufceptible  of  purification  than  others  ;  and  fur- 
ther, as  fufficient  attention  has  not  been  given  to  the  means 
of  perfectly  purifying  thefe  alkalies,  two  inconveniences 
have  happened.  The  firft  is,  that  feveral  chemifts  have 
imagined  that  there  was  an  effential  difference  betwixt 
alkalies  obtained  from  different  plants  :  and  the  fecond  is, 
that  other  chemifts  have  attributed  to  alkalies  in  general, 
feveral  properties  not  belonging  to  them  as  alkalies,  but  to 
certain  foreign  fubftances  adhering  to  them.  We  here  con- 
fider  the  vegetable  alkali  perfectly  purified  :  and  after  we 
have  enumerated  its  principal  properties,  we  will  treat  of 
its  origin,  of  its  formation,  and  of  the  means  of  purify- 
ing it. 

Fixed  vegetable  alkali  has  all  the  properties  related  under 
the  article  Alkali  (Fixed). 

It  is  folid  or  concrete,  like  an  earthy  fubflance;  of  a  fine 
white  color;  without  tranfparency,  or  cryftalline  and  regular 
fhape,  becaufe,  in  fact,  it  is  not  fufceptible  of  cryftalliza- 
tion  (f)  j  of  no  fmell  while  it  is  dry,  but  of  a  flight  lixivial 
fmell  when  moiftened  with  water.  It  has  a  violent,  fharp, 
burning,  cauffic  and  urinous  tafte;  that  is  to  fay,  that 
when  put  in  the  mouth,  it  difcovers  a  tafte  of  putrified  urine, 
which  is  caufed  by  the  difengagement  of  volatile  alkali  from 
animal  fubftances. 

Here  it  is  proper  to  obferve,  that  when  it  is  required  to 
tafte  fixed  alkali,  it  is  convenient  to  diffolve  and  dilute  it  in 
much  water,  which  only  leffens  its  ftrength  without  altering 
its  character  :  otherwiie  the  tongue  might  be  bliftered,  be- 

(f)  Fbred  vegetable  alkali  does  not  fo  readily  cryltallize  as 
mineral  alkali  does.  It  is  neverthelefs  cryltallizable  by  expofing 
it  to  the  permanently  elaflic  fluids  produced  by  the  efFervefcence 
of  alkaline  fubftances  with  acids,  by  the  combuftion  of  vegetable 
md  animal  fubftances,  and  by  other  methods.    See  Gas. 

«•  caufe 
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caufe  calcined  alkali  is  powerfully  cauftic,  and  quickly 
corrodes  and  deftroys  all  animal  matters  (g). 

Fixed  alkali,  expofed  to  air,  attracts  moifrure,  with 
which  it  refolves,  or  deliquiates  into  a  white  transparent 
colorlefs  liquor  like  pure  water.  Fixed  alkali  attracts  thrice 
its  quantity  of  moifture,  according  to  Geilert.  Chemie 
Mctallurgiquc,  Tom.  I.  p.  26. 

The  fame  thing  happens  if  it  be  purpofcly  diflblvcd  in 
water.  But  in  this  latter  cafe,  at  the  firft  inftant  of  the 
mixture,  a  pretty  ftrong  heat  is  excited  by  the  activity  of 
the  union  of  alkali  and  water.  This  heat,  however,  is  much 
lefs  than  what  arifes  from  the  mixture  of  concentrated 
vitriolic  acid  and  water. 

Every  time  that  fixed  alkali  is  diflblved  in  water,  a  por- 
tion of  indiflbluble  matter  remains.  If  the  folution  be 
filtered,  it  pafles  very  clear  :  but  after  fome  time,  it  begins 
to  be  turbid,  and  frnail  Socks  are  formed  in  it  of  a  matter 
which  falls  to  the  bottom  of  the  vefiel,  and  cannot  after- 
wards be  rediflblved.  This  matter  is  of  the  fame  nature  as 
the  firft  fubftance  which  we  obferved  remains  undiftblved ; 
and  is  nothing  elfe  than  a  portion  of  the  earth  of  the  alkali, 
which  is  feparated  every  time  that  the  fait  is  calcined  and 
diflblved.  The  part  which  at  firft  paries  through  the  filter, 
and  which  afterwards  renders  the  liquor  turbid,  is  that  part 
which  was  the  moft  attenuated,  and  moft  adhering  to  the 
alkaline  fait.  This  earth  thus  feparated,  is  no  longer  in  a 
faline  irate,  and  confequently  becomes  indiflbluble  in  water 
like  pure  earths. 

I  Alkali  difTolved  in  the  fmalleft  poflible  quantity  of  water, 
forms  a  liquor  lefs  fluid,  more  thick  and  unctuous  than 
pure  water,  and  which  pafles  with  more  difficulty  through 
the  filter,  from  the  quantity  of  faline  matter  with  which  the 
water  is  charged.  When  it  is  touched  and  rubbed  betwixt 
the  fingers,  it  appears  to  have  a  fat  and  oily  nature ;  which 
proceeds  from  the  greafy  particles  of  the  flan  diflblved  by  it, 
Thefe  properties  have  occafioned  it  to  be  called,  but  impro- 
perly, an  w7,  by  ancient  chemifts.  See  Oil  of  Tartar, 
It  ought  to  be  called  the  Liquor  of  alkaline  Salt. 

Dry  fixed  alkali,  expofed  to  a  moderate  fire,  that  is,  a 
little  more  than  cherry  red,  fuftains  its  action  pretty  well, 
altho'  it  fufes,  and  diminifhes  in  quantity.    But  by  a  very 

(g)  The  caufe  of  this  is,  that  by  calcination  fixed  alkali  is  de- 
prived of  a  part  of  its  gas,  and  is  thereby  rendered  more  foluble, 
and  confequently  more  cauftic.    See  Gas. 

o  violent 
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violent  fire,  the  greateft  part  of  it  is  diffipated  in  vapors,  01 
even  all  of  it,  if  the  heat  he  fuffieiently  long  and  intenfc.  jifi 
is  eafy  to  be  convinced  of  this,  by  obferving  the  pots  in 
which  glais  is  melted  in  glafs-houfcs.  Above  thefe  pots  a 
perpetual  fmoke  may  be  feen,  which  can  proceed  only  from 
the  fixed  alkali  which  enters  into  the  compofition  of  glafs  ; 
the  other  matters  which  enter  into  that  compofition  being 
infinitely  more  fixed  than  it. 

Fixed  alkali  is  a  very  powerful  folvent.  In  the  dry  way, 
and  by  help  of  proper  heat,  it  diflblves  all  calcareous,  veri- 
fiable, argillaceous,  gypfeous,  and  metallic  earths  j  and  in 
certain  proportions,  and  nearly  in  equal  parts,  it  changes 
moft  of  thefe  into  different  kinds  of  hard,  folid,  and  tranf- 
parent  glaffes.  See  Glass,  Vitrification,  Crystal- 
Glass.  / 

When  a  third  or  fourth  part  only  of  earth  is  added  to 
alkali,  they  more  readily  fufe,  and  unite  together:  and  as 
the  alkali  is  the  prevailing  principle  in  the  new  compound 
which  refults  from  this  union,  lb  its  properties  alfo  prevail. 
Hence  it  renders  the  earths  fo  diflblved,  foluble  in  water,  and 
in  acids,  and  fufceptible  of  attracting  the  moifture  of  the 
air,  kc.    See  Liquor  cf  Flints. 

The  alkali  appears  to  have  no  action  by  the  humid  way 
upon  fubftances  purely  earthy ;  but  it  has  upon  quicklime, 
to  which  it  gives,  and  from  which  it  receives,  very  fingular 
alterations.  When  it  is  liquid,  and  treated  with  this  fub- 
ftance,  it  becomes  infinitely  more  cauftic  and  more  fufible 
than  it  was  before.  See  Lixivium  of  Soap-boilers, 
Cautery  (k), 

Fixed  vegetable  alkali  unites  with  the  vitriolic  acid 
violently  and  with  great  efFervefcence.  The  union  of  thefe 
two  faline  fubftances  is  very  ftrong  and  very  intimate;  and 
from  thence  refults  a  perfect  neutral  fait,  which  is  vitriolated 
tartar.    See  Tartar  (Vitriolated). 

With  nitrous  acid  it  forms  nitre,  a  neutral  cryftallizablc 
fait,  the  properties  of  which  fee  under  the  word  Nitre. 

With  marine  acid,  fixed  vegetable  alkali  forms  a  particular 
kind  of  common  fait,  refembling  in  many  refpects  the 
native  common  fait,  but  differing  from  it  in  others,  and 
chiefly  in  its  tafte,  which  is  much  lefs  agreeable  than  that  of 

(k)  The  caufticity  which  alkaline  falts  acquire  by  being  treated 
with  quicklime,  is  occafioned  by  this  fubftance  depriving  them 
of  their  gas,  to  which  it  has  a  ftronger  power  of  combination  than 
they  have.    See  Gas, 

common 
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common  fait.  The  differences  betwixt  thefe  two  falts  arc 
cauled  by  the  difference  of  their  alkaline  bafes,  native  com- 
mon fait  having  for  its  bafis  a  particular  kind  of  fixed 
alkaline  fait,  which  differs  confiderably  from  the  fixed  vege- 
table alkali.  The  kind  of  common  fait  formed  with  this 
latter  alkali  and  marine  acid  is  called  regenerated  common  falt^ 
or  Salt  (Febrifugal)  ^Sylvius.    See  that  article. 

Fixed  vegetable  alkali  unites  alfo  very  well  with  vegetable 
acids,  and  with  them  forms  different  neutral  falts,  according 
to  the  nature  of  thefe  acids.  With  the  acid  of  vinegar,  it 
makes  a  neutral  deliquefcent  fait,  of  a  very  pungent  tafte, 
called,  regenerated  tartar ,  or  Terra  foliata  tartaric  fee  thefe 
words.  With  the  concrete  vegetable  acid,  or  cream  of 
tartar,  it  forms  a  neutral  cryftallizable  fait  called  tartarifed 
tartar,  or  Salt  {vegetable) ;  which  fee. 

Laftly,  fixed  vegetable  alkali  unites  alfo  and  forms  true 
neutral  falts  with  any  fubftances,  which,  though  not  pure 
acids,  do  however  act  as  acids  with  relation  to  alkalies. 
Such  is  the  fedative  fait,  with  which  this  alkali  forms  a  par- 
ticular kind  of  Borax.  See  Borax  and  Salt  (Sedative). 
Such  alfo  is  arfenic,  with  which  it  unites  to  the  point  of 
faturation,  and  forms  a  very  fingular,  neutral,  cryftallizable 
fait,  the  properties  of  which  were  firft  obferved  by  M.  Mac- 
quer,  who  gave  it  the  name  of  neutral  arfenical  fait.  See 
Salt  (Neutral  Arsenical). 

Fixed  vegetable  alkali  diflbjves  fulphur  in  all  its  fubftance; 
that  is,  it  unites  with  both  the  acid  and  the  phlogifton  of 
which  this  mineral  matter  is  compofed.  It  only  diminishes 
the  adhefion  of  thefe  two  conftituent  parts  of  fulphur.  This 
union  of  alkali  with  fulphur  may  be  made  in  the  humid  way 
and  in  the  dry  way ;  but  much  better  in  the  latter.  Hence 
refults  a  particular  faponaceous  body,  called  liver  of  fulphur  9 
which  is  a  powerful  folvent  of  all  metallic  fubftances.  See 
Liver  of  Sulphur. 

Metallic  fubftances  are  capable  of  being  attacked  and 
diflblved  by  pure  alkali.  Some  of  them,  fuch  as  iron,  and 
particularly  copper,  need  only  to  be  digefted  in  the  liquor  of 
alkaline  fait,  to  be  perfectly  diflblved.  Moft  of  the  others 
require  to  be  previoufiy  diflblved  by  acids  :  but  by  means  of 
this  folution  in  acids  they  become  very  foluble  in  alkali. 
For  this  purpofe  it  is  neceffary  to  pour  fome  drops  of  metallic 
folution  into  a  very  ftrong  liquor  of  alkaline  fait  :  at  firft 
a  precipitate  is  formed,  which  difappears  when  the  liquor  is 
agitated ;  thus  the  acid  metallic  folution  is  to  be  continued 

to 
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to  be  poured  in  at  different  times  into  the  alkaline  liquoy, 
till  thib  latter  cannot aay  longer  diflblvc  the  precipitate. 

All  metals  are  not  by  this  method  diftblved  with  equal 
facility,  and  in  equal  quantities  by  fixed  alkali.  The  lunar  * 
metals,  namely,  filver,  mercury,  and  lead,  are  difiblved  by- 
it  with  more  difficulty  and  in  lefs  quantity  than  the  folar 
metals,  fuch  as  gold,  platina,  tin,  copper,  and  efpecially 
iron.  This  laft  metal  gives  to  the  alkali  while  it  is  diflblv- 
ing  a  beautiful  faffron  color,  approaching  to  red.  This  lb- 
lution  of  iron  by  alkali  was  firit  publimcd  by  Stahl,  and  by 
him  called  martial  alkaline  tinfture.  See  Tincture  (Mar- 
tial Alkaline)  <?/Stahl. 

It  is  proper  to  obferve  upon  the  fubjecl:  of  the  folubilitr 
of  metals  in  fixed  alkali  j  i.  That  in  order  to  its  fuccefs,  it 
is  very  necefTary  that  the  previous  folution  of  metal  in  aa 
acid  mould  be  very  acid,  and  very  far  from  the  point  of  for 
turarion.  In  whatever  manner  the  operation  is  done,  it  al- 
ways fails  in  making  the  martial  alkaline  tincture  of  Stahl, 
if  a  very  faturated  iblution  of  iron  in  nitrous  acid  be  em- 
ployed. M.  Macquer  and  Mr.  Beaume  have  afecrtained  the 
neceflity  of  this  management,  which  is  not  oblcrvcd  by 
Stahl  or  any  other  chemift. 

2.  Moft  of  thefe  metallic  folutions  in  alkali  preferve  their 
limpidity  only  during  a  certain  time  :  after  which  they  be- 
come turbid,  and  a  depofifion  is  then  formed,  of  the  fame 
color  as  the  folution.  This  depofition  is  nothing  elfe  than 
a  portion  of  the  diffolved  metal  which  feparates  from  the 
folvent,  as  happens  to  feveral  folutions  of  metals  in  acids. 

3.  A  very  illuftrious  chemift  recommends  for  the  folution 
of  metals  in  fixed  alkali,  particularly  of  gold,  filver,  mer- 
cury, zinc,  bifmuth,  an  alkali  phlogifticated  and  fit  to 
make  Pruffian  blue.  But  this  is  the  precife  way  to  fail  ia 
the  operation.  This  able  chemift  has  been  led  into  error 
by  fome  of  fhofe  circumftances,  which  are  but  too  frequent 
in  chemiftry,  and  againft  which  it  is  impoftible  for  the  molt 
intelligent  perfons  to  be  always  guarded.  Some  details  up- 
on this  fubject  may  be  feen  under  the  articles  Blue  (Prus- 
sian), and  Tincture  (Martial  Alkaline)  of  Stahl. 

By  fufion  and  by  the  dry  way,  fixed  alkalldiiiolves  and 
vitrifies  all  metallic  calxes,  or  earths  deprived  of  phlogif- 
ton  }  perhaps  even  it  is  capable  of  diflfolving  the  metals  »nr 
calcined. 

Fixed  vegetable  alkali  unites  eafily  with  oils  and  oily  fub- 
rtances,  and  communicates  to  them  its  property  of  mixing 
with  water.    With  them  it  forms  f:\ponaceous  com- 
pounds, 
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pounds,  partaking  of  .the  propcrtiesTof  ojj,.  and  of  thofc  of 
alkaline  fait,  as  has  been,  faid  under  the  article  of  alkali  jji 
general.    See  tbe?zuor&&oA.p.    rfj  vd.jco  ::.   \ 

As  to  t he  or  i  g in  of  i  fi  xcd  vegeta-b^e  ailcaJ  i ,  i  t  i s  d  i  fp u  ted 
whether  it  exilis-rcadv  formed  ,  in  vegetables  previoully  to 
their"  cbmbufticn,  by which  it  is  obttfjfjed,  tut- .which  in 
this  fuppolition  does  only  difengage  fubftaoccs,  which  en- 
velope and  difguife  it^  fxr  whetherj^ege.tsMes  confain.  only 
the  materials  proper  for  its  formation,  which  consequently 
takes  place  in  the  act' of  burning,',  and-  whether  it  be,  pro- 
perly fpeaking,  ptodujced.  by  "fire.  nV..  »>'«•' 

There  are  reafons  for  and  agairrft  thefe  two  opinions  i  and 
they  are -fo  ftrocig-  on  both  fides,  that  there  -are  grounds;  to 
believe  that- both. of  them  are  true;  that  is  to  fay,  that,  the 
fixed  alkali;  obtained -after,,  burning,  a  yegetable^dia'  partly 
exiflr  ready  formed  in ^a^.  vegetabLe^efQre  it  was  burnt, 
and  that  the  other  pai>t  was  produced  ,by  the- very  act  of 
•combufrion.    iaii  a        '    '  , 

'The  proof  of  the. former  part  of  this  propofition  is,  that 
from  rnoft  plants  neutral  .falts  whefe  bales  are  fixea*  veger 
Xable  alkalp,  fuch-  as  Vitriolated. tartar  and  ,  nitre,  may  be 
actually  obtained  without  burning.  .And  alfo,.  iVL  Reaume, 
Upon  a 'partaeulaii-cxamination  ef<£he,  plant  called  corona 
folis y  found  that  this  plants  when  e  well  i  cultivated,  fur- 
ftrihed  notonly-a  very  corn  fid  erahifc  ^ufentity  ef  .perfect  nitre, 
very  fulceptible-of  >cryftallizationrand. detonation,  the  bafe 
of  which  cbnfequenrlvwas  fixed  vegetable  alkali,  but  alfo 
a  large  quantity,  of  this  .alkali,,  difengaged  from  any  acid, 
and  pone/Ted  of  iall  'its  .properties.-  An  alkali  then  does 
cxifc  in- vegetables  previous  to  burning.  ;It  remains  to  be 
examined' whether  this  alkali  exifling  in  plants  previous  to 
burning,  be  truly  one  of  their  principles  and  conftituent 
ftertg,  ^or  only  a.  foreign  and  unneceffary  fubflance./ 'What 
fenders  the"  latter  opinion  probable,'  is,  , that  the  quantity  of 
alkali  in  plants,-  whether  difengaged  or  unite^  tQran  acid 
in*  nguta-&l~  fafrs/is  jfery  variable,,  .and.  that  it  appears  to  de- 
pend folely  on  -culture  and  on  the  nature  of  the  foil  :  fo 
that  it  frequently  happens,  that  the  fame  plants  which 
contain  much  alkali  when  thefe.  two:  cjreumftanees  favor 
its  .  introduction,  contain  none  at  all  in  contrary  circum- 
ftances. 

As  to  the  fecond  propofition  concerning  the  origin  of  fixed 
vegetable  alkali,  which  i?,  that  a  great  part  of  this  alkali  is 
produced  and  combined  by  the  acl  of  combultion,  it  isefht- 
blifhed  by  feveral  proofs  feemingly  in cc meltable.    The  ob- 
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i'ervation  of  the  circumftances  concurring  to  the  production 
of  alkali  by  burning,  demonftrar.es  that  this  alkali  is  in 
£reat  meafure  formed  by  the  vegetable  acid,  which,  during 
the  deflagration  of  vegetables,  combines 1  m  a  particular 
manner  with  a  portion  of  their  earth  and  inflammable  prin- 
ciple. 

The  following  obfervati'cns  will  render  this  truth  evident : 

1.  -When  vegetables. capable  of  furnifhin^  afhes  contain- 
ing much  alkali,  are  decompofed  by  other  means  than 
combuftion,  fcarcely  any  other  faline  matters  are  obtained 
from  them  but  fluor  acids,  or  elfe  what  are  properly  called 
eflential  falts,  which  are  nothing  more  -than  concrete  aci.ds 
rendered  fol id  by  a  portion  of  oil  and  earth. 

2.  When  vegetables  are  deprived  of  a  part  of  their  acid 
by  diftillation,  or  by  extraction  of  their  effential  falts,  the 
quantity  of  fixed  alkali  obtained  from  their  afhes  is  lefs 
than  it  otherwife  would  have  been  in  proportion  to  the 
quantity  of  acid  previoufly  taken  away. 

3.  The  matter  of  extracts  containing  'almoft  all  the  acid 
of  the  vegetables  ufed  for  that  extraction,  and  the  efTential 
falts  of  vegetables  are,  of  all  vegetable  matters,  thofe  which 
furnifh  the  greateft  quantity  of  fixed  alkali  by  burning  in 
open  air.  The  concrete  acids  particularly  are  changed  by 
this  procefs  almoft  entirely  into  fixed  alkali.  A  Striking 
example  of  this  is  feen  in  the  combuftion  of  tartar,  which 
is  one  of  thofe  concrete  acids. 

4.  Oils  and  oily  concretions,  which  contain  little  acid 
and  earth,  leave  after  burning  a  fcarcely  fcnfible  quantity 
of  fixed  alkali. 

5.  Plants  which  contain  a  very  volatile  acid,  and  thofe 
from  which  no  acid  is  obtained  by  drfttflation,  fuch  2s 
muftard-fecd,  leave  alfo  in  their  afhes  but  an  -almoft  irrfen- 
fible  quantity  of  fixed  alkali.  ; 

6.  All  vegetables,  even  thofe  which  in  their  natural  (rate 
furnifh  afhes  containing  much  fixed  alkali,  when  burnt, 
after  their  acid  has  been  altered  by  a  complete  putrefaction, 
leave  afhes  entirely  free  from  alkali. 

We  cannot  therefore  but  conclude,  after  having  attended 
to  thefe  facts,  that  the  greateft  part  of  the  fixed  vegetable 
alkali  is  produced  from  the  acids  of  vegetables. 

We  ought  alio,  after  what  has  been  faid  on  the  origin  and 
production  of  fixed  alkali,  to  perceive  the  reafon,  why  vege- 
table matters,  which  have  undergone  decoctions,  or  long  ma- 
cerations in  much  water,  as  floated  wood,  leave  but  little  or  no 
alkali  in  their  afhes.  The  water  has  difTolved  and  carried  ofF 
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either  the  alkali  ready  formed,  or  their  acids  and  efTential 
falts,  which,  as  we  have  feen,  are  the  principal  materials  of 
its  compofition. 

Fixed  alkali  prepared  by  the  incineration  of  vegetable 
fubftances,  and  by  lixiviating  and  evaporating  to  drynefs,  is 
very  far  from  the  degree  of  purity  requifite  in  exact  chemical 
experiments. 

It  is  almoft  always  altered;  I.  By  fome remaining  inflam- 
mable principle,  which  could  not  be  entirely  confumed 
during  the  burning ;  2.  By  a  portion  of  fuperabundant  earth ; 
3.  By  the  mixture  of  different  faline  matters  as  fixed  as  itfelf, 
which  partly  or  entirely  elude  the  action  of  the  fire.  Thefe 
faline  matters  are  either  fome  neutral  falts,  which  are  fre- 
quently found  in  plants ;  fuch  as  vitriolated  tartar,  Glauber's 
ialt,  common  fait,  and  fometimes  a  little  nitre ;  or  a  por- 
tion of  fixed  mineral  alkali.  4.  As  iron  is  diffufed  in  almoft: 
all  bodies,  and  particularly  in  greater  or  lefs  quantity  in  the 
afhes  of  vegetables,  as  Mr.  GeofTroy  has  proved ;  and  fur- 
ther, as  iron  is  very  foluble  by  fixed  alkali ;  this  faline 
fubftance  is  fubjedf.  to  be  altered  by  mixture  with  iron. 

Fixed  alkali  may  be  difcovered  to  be  phlogifticated,  or 
altered  by  a  fuperabundance  of  inflammable  matter;  1.  By 
its  color  not  being  perfectly  white,  and  by  its  lixivium  or 
folution  in  water  being  more  or  lefs  yellow,  or  red  inftead  of 
being  abfolutely  colorlefs;  2.  By  the  fmell  of  its  lixivium, 
which  is  always  fo  much  ftronger,  as  it  is  more  phlogifticated  5 

3.  By  its  degree  of  caufticity,  which  is  always  fo  much  lefs 
as  it  retains   more   fuperabundant  inflammable  matter ; 

4.  Laftly,  by  its  property  of  forming  Pruffian  blue,  by  pre- 
cipitating folutions  of  iron  in  acids,  when  it  is  much  phlogif- 
ticated.   See  upon  this  lajl  article.  Blue  (Prussian). 

There  are  two  methods  of  purifying  fixed  alkali  thus 
altered,  that  is,  of  depriving  it  of  all  the  fuperabundant 
inflammable  matter  it  contains.  The  firft  is  by  calcination, 
according  to  the  general  rules  and  with  all  the  attentions 
necelTary  to  be  obferved  in  calcining  by  fire.  See  Calcina- 
tion. 

The  fecond  method  of  purifying  fixed  alkali  from  fuper- 
abundant inflammable  matter  confifts  in  applying  to  it  a 
body  on  which  it  cannot  act,  and  which  has  a  ftronger 
affinity  than  it  with  this  inflammable  matter.  M.  Beaume 
firft  practifed  this  fecond  method.  This  able  obferver, 
having  perceived,  that  when  he  evaporated  in  filver  vefTels 
red  and  phlogifticated  alkaline  iixiviums,  thefe  veiTels  were 
more  and  more  tarnifhed,  till  at  length  the  furface  of  the 
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filvcr  became  quite  black,  and  that  the  lixivium  loft  its 
color  in  proportion  as  the  filver  acquired  it,  carried  this 
experiment  as  far  as  poflible;  and  at  length,  by  renewing 
the  furface  of  the  filver  contiguous  to  the  alkaline  lixivium, 
he  deprived  this  lixivium  of  all  its  color,  and  rendered  it 
entirely  white.  This  lixiviiim  being  then  evaporated  to 
drynefs,  furnifhed  an  alkali  very  white,  very  cauftic,  and 
free  from  all  fuperabundant  phlogifton.  Befides  the  practical 
method  of  dephlogifticating  alkaline  fait,  which  this  expe- 
riment fuggefts,  it  alfo  confirms  a  truth  demonftrated  by 
M.  Macquer  in  his  theory  of  Pruffian  blue ;  namely,  that 
metallic  fubftances  may  be  charged  with  a  fuperabundant 
quantity  of  inflammable  matter,  and  that  they  are  capable 
of  taking  it  from  fixed  alkali  by  the  humid  way.  See  Blue 
(Prussian). 

The  fecond  fubftance  which  alters  fixed  alkali  is  a  fuper- 
abundant earth.  As  this  earthy  fubftance  is  not  foluble  in 
water  when  alone,  and  as  it  has  but  a  weak  adhefion  to  the 
alkali,  it  may  be  eafily  feparated  by  drying  it  once  or  twice, 
by  folutions  and  filtrations.  But  this  purification  muff  not 
be  carried  too  far,  becaufe  the  alkali  itfelf  is  capable  of 
decompofition  by  this  method,  for  at  every  drying  or  calci- 
nation, a  part  of  its  earthy  principle  is  difengaged. 

As  to  the  faline  matters  which  by  their  mixture  alter 
the  purity  of  the  fixed  alkali,  they  can  be  feparated  by  no 
chemical  procefs  but  by  cryftallization.  This  method  is 
founded  on  the  incapacity  of  the  alkaline  fait  to  cryftallize, 
and  on  its  property  of  decompofing  and  of  converting 
into  cryftallizable  falts  all  uncryffallizable  and  deliquefcent 
falts  with  which  it  may  be  mixed.  It  is  then  necefiary  to 
evaporate,  as  much  as  is  convenient,  the  alkaline  liquor  from 
which  thefe  foreign  falts  are  to  be  feparated,  and  to  let  it 
cool  at  feveral  different  times  to  favor  the  cryftallization 
of  thofe  falts  which  are  beft  cryftallized  in  the  cold,  or  to 
continue  the  evaporation  for  thofe  falts  which,  like  common 
fait,  can  only  be  cryftallized  by  this  method.  See  Cry- 
stallization. But  it  is  manifeft,  that  this  method, 
however  carefully  performed,  is  incapable  of  procuring  a 
perfect  feparation  of  all  the  extraneous  falts  from  the  alkali; 
for,  while  the  alkali  continues  fluid,  it  always  remains  mixed 
with  a  fmall  quantity  of  cryftallizable  falts,  which  are  dif- 
folved  by  part  of  the  fame  water  which  keeps  the  alkali 
fluid  j  and  therefore  the  feparation  by  cryftallization  cannot 
take  place  when  all  is  evaporated  to  drynefs.  It  is  im- 
poflible  to  feparate  completely  from  the  alkaline  fait,  the 
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lafr.  fmall  portions  of  extraneous  falts  with  which  it  was 
mixed.  Notwithftanding  this,  the  degree  of  purity  to 
which  the  alkaline  ,falt  may  be  brought  by  this  method  is 
coniiderable,  and  fufEcient  for  moll  of  the  operations  of  the 
arts,  and  even  for  many  operations  in  chemiftry. 

It  is  ftili  more  difficult  to  purify  the  alkali  from  iron. 
No  practical  method  is  known  for  this  purpofe.  When 
therefore  a  very  pure  alkali  is  required,  it  is  proper  to  choofe 
fuch  fubftances  as  furnifb  a  fait  the  leafl:  impure.  For  in 
this  refpect  there  is  a  great  difference  betwixt  the  fubftances 
from  which  it  may  be  obtained,  as  will  appear  when  we 
enumerate  fummarily  the  feveral  alkalies  moft  frequently 
n  fed. 

Fixed  alkali  being  of  great  ufe,  and  much  employed  in 
arts,  as  it  is  the  bafis  of  foap  and  leys,  and  much  ufed  in 
dying,  making  of  glafs  and  faltpetre,  is  procured  from 
matters  which  furnifh,  a  great  deal  of  it,  and  at  a  fmall 
expence. 

The  moft  common  alkali,  and  at  the  fame  time  the  leafr. 
pure,  is  that  of  the  allies  of  common  hearths.  Thefe  allies 
are  employed  for  lixiviums,  in  the  manufacture  of  faltpetre, 
and  in  glafs-houfes  where  commqn  bottle-glafs  is  made. 

In  the  Northern  countries,  where  wood  is  plentiful,  it  is 
burnt  on  purpofe,  as  well  as  many  plants,  to  procure  from 
their  allies  a  ftrong  but  very  impure  alkali,  called  Pot-ajh. 
This  alkali  is  always  much  phlogiflicated,  and  contains 
many  of  the  faline  matters  above-mentioned.  Pot-afti  is 
-employed  for  the  purpofes  related.  It  is  alfo  ufed  by  dyers 
in  lome  of  their  operations.  Pot-afh  may  be  purified  fo  far 
as  to  become  a  very  good  alkali  by  the  methods  men- 
tioned, (c) 

The 

(r)  In  fome  parts  of  Germany  Pot-am  is  prepared  from  the 
fame  wood  of  which  charcoal  is  made.  A  rmmber  of  tubes,  made 
of  plate  iron,  or  of  copper  or  brafs,  are  fo  difpofed  in  the  pile  of 
wood  intended  to  be  burnt  into  charcoal,  that  the  water,  acid, 
and  oil,  which  are  obtained  in  the  ordinary  method  of  diftilling 
wood,  (hall,  when  feparated  from  the  wood  by  fire,  pafs  through 
thefe  tubes  into  buckets  placed  to  receive  thefe  liquors.  The  oil 
is  then  to  be  feparated  from  the  acid  liquor,  which  is  afterwards 
to  be  boiled  in  copper  or  iron  veffels,  and  the  refiduum  dried  and 
calcined.  By  this  calcination,  the  acid  fait  is  alkalized.  This 
procefs,  and  the  preparation  of  fait  of  tartar  by  calcining  tartar, 
fhew  that  vegetable  alkali  is  produced  by  converlion  of  an  acid  to 
Sin  alkali.    How  is  this  converfion  efFe&ed? 

The 
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The  dregs  and  leys  of  wine  being  dried  and  burnt,  leave 
afhes  abounding  in  alkaline  fait,  called  in  French,  cendre 

gravtUe* 

The  more  common  method  of  making  pot-afh,  is  by  burning 
large  piles  of  wood,  lixiviating  the  afhes  by  boiling  in  copper 
vefTels,  decanting  the  lixivium  when  clear,  and  boiling  it  in  other 
copper  veffels  till  the  liquor  be  evaporated  and  a  reddifh  folid  fait 
obtained,  called  black  pot-afi,  which  by  calcination  in  ovens  with 
a  heat  not  intenfe  enough  to  fufe  it,  i*  dephlogifticated  and  ren- 
dered white.  If  any  of  it  has  been  fufed,  it  will  have  agreenifh 
blue  color. 

Another  method  of  preparing  pot-am,  and  which  may  be  con- 
veniently ufed  in  a  large  manufactory  of  it,  is  defcribed  by 
Kunckel.  The  afhes  of  wood  are  put  into  a  large  tub,  near  the 
bottom  of  which  is  inferted  a  cock  ;  and  to  prevent  the  allies  from 
filling  up  the  cock,  the  bottom  is  covered  v/ith  ftraw  and  pieces 
of  fmall  wood.  Water  is  to  be  poured  on  the  ames,  and  is  the 
next  day  to  be  let  off  through  the  cock  into  another  veflel.  The 
afhes  may  again  be  elixated  with  more  water  till  all  the  fait  be 
diflblved.  The  weaker  leys  are  to  be  poured  on  frefh  p  reels  of 
afhes  till  they  can  receive  no  more  fait.  The  ley  is  then  to  be 
evaporated  in  an  iron  pan,  and  the  brown  fait  is  to  be  dephlogif- 
ticated by  calcination  in  a  furnace  or  oven  with  a  heat  not  intenfe 

enough  to  fufe  it.  Some  perfons  foak  ftraw  in  the  ley  obtained 

by  lixiviating  wood-afhes  with  water,  and  by  drying  and  burning 
this  ftraw  they  obtain  a  fait  without  the  trouble  of  boiling  the  ley. 
The  Ruffia  pot-afh  is  dark-colored,  hard,  not  eafily  deliquefcible, 
and  contains  (as  Dr.  Lewis  fays)  more  than  half  its  weight  of  an 
earth  unfoluble  in  water.  ScherFer,  in  the  Swedilh  Memoirs  for 
the  Year  1759,  **ays»  inat  from  ieolb.  of  Ruflian  pot-afh  he  ob- 
tained 9211b.  of  alkaline  fait,  and  7^1b.  of  neutral  falts.  Dr. 
Home  found  that  Ruffian  pot- am  contained  a  confiderab'c  quanti- 
ty of  quicklime.  From  experiments  made  by  Brandt  (Memoires 
Suedoi/es  1749),  and  from  the  preference  given  to  it  by  foap- 
boilers,  it  appears  to  be  more  caustic,  and  more  powerfully  to 
diffolve  oils,  than  purer  pot-afh  rendered  caulHc  by  quicklime. 
Ruffian  pot-afh  is  faid  to  be  prepared  by  burning  wood  with  a 
clofe  fmothering  heat;  making  a  ley  from  the  coarfer  part  of  the 
afhes,  and  moiftening  therewith  the  finer  part  into  the  confidence 
of  a  parte,  ftratifying  this  parte  with  fome  of  the  more  inflam- 
mable kinds  of  wood,  and  fetting  the  pile  on  fire.  The  neutral 
falts  found  in  pot-afh  are  chiefly  vitriolated  tartar,  fea-fait,  with 
which  latter  fait  pot-afh  is  frequently  adulterated  to  incrcafe  its 
weight. 

The  afhes  of  firs,  pines,  and  all  trees  which  contain  much 
refm  and  effential  oil,  yield  a  fmall  quantity  only  of  fixed  a  uli 
by  elixation.  The  caufe  of  th  is  ieems  to  be,  that  the  acid  of  thefe 
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gravelee.  This  alkali  is  not  only  in  great  quantity  in  thefe 
a(hes,  but  likewife  when  the  matters  furnifning  it  are  pro- 
perly and  carefully  burnt,  it  is  the  purefl  of  all  thofe  which 
are  in  commerce.  If  it  contains  iron,  the  quantity  of  this 
metal  is  fcarcely  fenfible  ;  and  it  is  naturally  free  from  mix- 
ture of  extraneous  falts  :  therefore  dyers  and  other  manufac- 
turers, whofe  operations  require  a  pure  alkali,  prefer  thefe 
to  any  other  alkaline  aines. 

Fixed  Alkali  of  Tartar. 

TARTAR,  which  is  nothing  but  the  concrete  acid  or 
efTential  fait  of  wine,  being  properly  burnt,  is  almoft  entirely 
changed  into  an  alkaline  fait,  very  ftrong,  and  the  pureft  of 
all  ;  and  which  therefore  has  been  reafonably  preferred  by 
chemifts  to  any  other.  It  is  called  the  Alkaline  Salt  of  Tartar •, 
or  fimply  Salt  of  Tartar,  Hence  this  name  has  become  in 
fome  meafure  fynonimous  with  that  of  alkali. 

Salt  of  tartar  is  made  by  wrapping  up  in  wet  brown  paper 
the  tartar  intended  to  be  burnt,  and  placing  thefe  parcels 
fo  wrapped  up  in  a  furnace,  in  beds  or  ftrata,  together  with 
irxata  of  charcoal,  alternately  ;  and  by  fetting  fire  to  the 
whole,  and  continuing  the  fire  till  no  more  blackening 
imoak  arifes. 

As  tartar  is  almoft  entirely  changed  into  alkaline  fait,  it 
preferves  after  incineration  a  certain  confidence,  and  retains 
the  form  it  had  before  burning ;  which  makes  it  eafy  to 
collect  it  properly.  But  too  great  heat  muft  be  prevented 
in  burning  tartar,  otherwife  the  alkali  would  melt  and  flow 
to  the  bottom  of  the  furnace,  where  it  would  mix  with 
the  impurities  of  the  charcoal.  To  avoid  this  inconvenience 
a  furnace  entirely  open  may  be  employed,  in  which  the 
charcoal  may  burn  freely,  but  without  any  ftrong  current  of 
air  to  render  the  heat  too"  intenfe.  On  the  other  fide,  as 
fire  is  generally  more  intenfe  in  great  than  in  fmall  opera- 
tions, where  proportionable  quantities  of  combuftible  matters 
are  ufed,  when  much  tartar  is  to  be  burnt,  it  is  proper  to 
diminifh  the  quantity  of  charcoal,  to  prevent  too  great  heat, 
and  the  confequent  fufion  of  the  alkali. 

trees  is  very  volatile,  and  together  with  a  volatile  inflammable 
matter  forms  the  efTential  oils  and  refms.  «SV*  Resins.  Plants 
that  are  auftere,  acid,  bitter,  or  aromaticj  yield  by  incineration 
the  largefl  quantity  of  alkali.  Rotten,  dry,  and  old  plants, 
burn  with  little  flame,  and  yield  little  alkali. 
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When  tartar  is  fufficicntly  burnt,  a  lixivium  muft  be 
made  from  it  till  the  water  poured  on  it  receives  no  more 
tafte.  It  mud  then  be  filtered,  evaporated,  dried  and  cal- 
cined, according  to  the  directions  given  to  obtain  the  alkali 
of  tartar  in  its  greater!  purity. 

Fixed  Alkali  of  Nitre. 

THE  bafis  of  nitre  being  a  fixed  alkaline  fait  of  the 
nature  of  the  vegetable  alkali,  and  the  acid  of  this  fait  being 
capable  of  decompofition  and  total  destruction  by  deflagration, 
we  may  obtain  feparately  its  alkali,  called  alkalifed  or  fixed 
nitre,  by  burning  or  detonating  it  with  combuftible  matters. 
As  this  combulHon  is  very  rapid,  and  as  it  is  alkalifed  almoft 
inftantaneoufly  by  detonation,  it  has  been  alfo  called  extem- 
poraneous alkali. 

The  matters  moft  convenient  and  moft  frequently  ufed 
for  the  deflagration  of  nitre  are  charcoal  and  tartar.  The 
alkali  made  by  deflagration  of  nitre  with  charcoal  is  called 
Nitre  fixed  by  Charcoal.  See  this  article  for  the  method 
requifite. 

Nitre  and  tartar  burnt  together  produce  a  very  flrong 
alkali,  which  is  a  mixture  of  the  alkali  of  nitre  and  of  the 
alkali  of  tartar,  both  which  are  entirely  of  the  fame  nature* 
They  are  confounded  together  by  the  name  Nitre  fixed  by 
Tartar.    See  that  article,  and  Flux  (White). 

Thefe  alkalies  of  nitre,  when  well  prepared,  are  very  pure, 
and  fit  for  the  niceft  operations  in  chemiftry. 

All  thefe  feveral  kinds  of  alkali,  when  perfectly  purified, 
have  entirely  the  fame  properties,  and  ought  to  be  regarded 
only  as  one  and  the  fame  alkali,  which  ought  to  be  called 
Fixed  Vegetable  rflkali.  The  purification  above-mentioned 
of  this  alkali  is  attended  with  coniiderable  difficulties  in 
practice.  The  chief  of  thefe  difficulties  is  in  the  evaporation 
and  drying  of  the  alkaline  lixiviums  ;  and  this  relates  to  the 
vefTels  employed  in  thefe  operations.  VefTels  made  with  the 
imperfect  metals  are  unfit,  becaufe  they  are  liable  to  the 
a<tion  of  the  alkaline  fait.  Silver  vefTels  are  the  fittefr.  of  all 
for  this  purpofe  j  but  it  is  not  very  certain  that  this  metal  is 
incapable  of  being  acted  upon  by  alkali. 

Glazed  earthen  vefTels,  fuch  as  common  pottery-ware, 
cannot  be  employed,  becaufe  they  are  not,  and  cannot  be 
fufficiently  baked.  The  alkaline  lixivium  pafTes  through 
them  as  eafily  as  through  a  filter.  If  vefTels  not  metallic  are 
tQ  be  ufe<}j  they  ought  to  be  of  glafs  or  porcelaine,  or  made 
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of  pure  clay,  and  baked  in  a  violent  fire,  fuch  as  that  kind 
of  pottery  called  ftone-ware.  Thefe  veffels  perfectly  refifl 
the  action  of  alkalies,  but  they  are  very  liable  to  be  cracked  by 
heat. 

Well-prepared  fixed  alkali  ought  to  be  preferved,  either 
dry  or  fluid,  in  cryftal-glafs  bottles,  with  glafs  ftoppers. 
When  the  fluid  alkali  is  ufed,  it  muft  be  gently  decanted 
from  the  fediment  depofited  at  the  bottom  of  the  bottles. 

ALKALI  (MINERAL  or  FOSSILE);  or  AL- 
KALI (MARINE).  This  is  a  faline,  alkaline,  fixed 
fubiiance,  ferving  as  a  bafis  to  the  acid  of  common  fait,  and 
forming  with  it  the  native  neutral  fait  which  is  diffolved  in 
large  quantities  in  the  fea,  and  knov/n  by  the  names  Common 
Salt  and  Sea-Salt.  As  this  fait  is  a  natural  production,  and 
belongs  neither  to  the  vegetable  nor  animal  kingdoms,  it 
has  been  ranged  amongft  minerals,  and  therefore  called 
mineral  alkali :  notwithstanding  that  a  confiderable  quantity 
of  this  fait  may  be  obtained  from  the  afhes  of  feveral  vege- 
tables. But  its  origin  is  always  the  fame,  and  it  is  not  to 
be  confidered  a  vegetable  fubftance;  for  we  mall  fee  that 
mineral  alkali  obtained  from  vegetables,  proceeds  always 
from  common  fait  contained  in  thefe  vegetables.  After  we 
have  mentioned  the  properties  of  this  alkali,  we  mall  defcribe 
the  method  of  procuring  it  in  its  greateft  purity. 

Fixed  mineral  alkali  has  eiTentially  and  fundamentally  all 
the  properties  of  fixed  vegetable  alkali.  It  has  the  fame  tafte 
and  the  fame  fixity.  It  dilfolves  all  the  fame-  fubftances, 
and  exhibits  with  them  very  nmilar  phenomena.  It  melts 
and  vitrifies  all  earths,  and  is  altered  by  quicklime  in  the 
fame  manner.  It  combines  with  all  acids  to  the  point  of 
faturation,  and  with  them  forms  neutral  falts.  It  has  the 
fame  action  as  fixed  vegetable  alkali  on  metallic  fubftances, 
and  forms  foaps  with  oils  and  oily  matters ;  therefore,  in 
order  to  have  a  juft  idea  of  the  alkaline  properties  of  this 
faline  fubftance,  it  is  very  necefTary  to  read  carefully  and 
entirely  what  has  been  faid  under  the  articles  Alkali  and 
Alkali  (Fixed  Vegetable).  But  it  alfo  differs  very 
considerably  from  fixed  vegetable  alkali  by  feveral  properties 
peculiar  to  it ;  and  it  is  upon  thefe  properties  we  are  chiefly 
to  infill  in  this  article. 

Fixed  mineral  alkali,  which  we  here  fuppofe  to  be  in  its 
greater!  purity,  differs  from  fixed  vegetable  alkali, 

i,  By  its  tafte,  which  is  a  little  lefs  fiery  and  corrofive : 
but  this  difference  is  very  flight. 

2.  When 
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2.  When  dried,  it  does  not  attract  the  moiflure  of  the  air 
fufficiently  to  form  a  liquid,  as  fixed  vegetable  alkali  does. 

3.  If  it  be  diffolved  in  water,  when  it  is  dry  and  calcined, 
it  does  not  heat  the  water  nearly  fo  much. 

4.  When  diffolved  in  water,  and  its  folution  evaporated 
and  cooled,  it.  coagulates  into  cryflals,  precifely  as  neutral 
falts  do,  In  this  it  differs  considerably  from  fixed  vegetable 
alkali,  which  is  abfolutely  deliquefcent,  and  not  cryflal- 
lizable.  (k) 

The  cryflals  of  mineral  alkali  contain  much  water,  and 
have  but  little  adhefion  to  this  water ;  for  mofl  of  it  is  difft- 
pated  by  expofure  to  open  air.  By  this  diffipation  of  water 
the  cryflals  lofe  their  form  and  tranfparency,  which  were 
owing,  as  of  all  neutral  falts,  to  the  water  contained.  See 
Crystallization. 

Cryflals  of  mineral  alkali  thus  deprived  of  their  water,  fall 
into  a  white  powder  :  therefore,  to  preferve  them,  they  mufl 
be  put  into  bottles  as  foon  as'they  are  drained. 

The  differences  related  betwixt  the  vegetable  and  mineral 
alkalis  fhew  that  this  latter  pofTefTes  faline  properties  in  a 
lefs  eminent  degree ;  which  probably  proceeds  from  the 
abundancyof  its  earthy  principle. 

5.  Fixed  mineral  alkali  difTolves  by  fufion,  and  vitrifies  all 
earths  like  the  vegetable  alkali.  But  it  has  been  obferved, 
that  it  vitrifies  earths*  better,  and  renders  the  glafs  more 
folid  and  durable.  Probably  this  proceeds  from  the  greater 
fixity  of  the  mineral  alkali,  from  its  containing  an  earth 
lefs  combined,  and  alfo  from  its  want  of  the  deliquefcent 
quality. , 

6.  With  vitriolic  acid,  mineral  alkali  forms  a  neutral 
cryflaliizable  fait  called  Glauber  s  fait,  which  differs  from 
vitriolated  tartar  in  the  following  circumffances.  1.  Its 
cryflals  are  of  a  different  figure  and  larger  fize.  2.  They 
contain  more  water.  3.  They  are  more  foluble  in  water. 
4.  Their  adhefion  to  the  water  of  their  cryflallization  is 
lefs,  infomuch  that  this  fait  by  expofure  to  air  lofes  its 
water,  and  confequently  its  form  and  tranfparency,  and 
becomes  a  white  powder,  as  the  mineral  alkali  does  alfo 
when  expofed  to  air.  See  Salt  of  Glauber.  As  the  fame 
acid  is  in  Glauber's  fait  and  in  vitriolated  tartar,  the  dif- 
ferences above  related  mufl  proceed  from  their  alkaline 

(k)  We  have  obferved  in  a  note  upon  the  former  article,  that 
fixed  vegetable  alkali  is  cryftaliizable  by  expofure  to  feveral  kinds 
of  gas. 
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bafes :  therefore  all  the  properties  which  diftinguifh  Glau-r 
ber's  fait  from  vitriolated  tartar  are  to  be  confidered  as  the 
differences  betwixt  the  vegetable  and  mineral  alkalis.  The 
fame  obfervation  may  be  applied  to  all  combinations  of 
mineral  alkali  with  the  other  acids,  of  which  we  are  now 
going  to  fpeak. 

7.  With  nitrous  acid,  mineral  alkali  forms  a  particular 
kind  of  nitre,  fufceptible  of  detonation  and  of  cryftalliza- 
tion ;  but  it  differs  from  ordinary  nitre,  or  that  which  has 
for  its  bafe  fixed  vegetable  alkali,  in  the  figure  of  its  Ci  yftals, 
which,  inftead  of  being  like  long  needles,  are  folids,  each 
of  which  has  fix  rhomboidal  faces  -y  that  is  to  fay,  two 
angles  of  each  face  are  acute,  and  the  other  two  obtufe. 
This  figure,  which  is  fomewhat  fimilar  to  that  of  a  cube, 
has  occafioned  this  fait  to  be  called  cubic  or  quadrangular  nitre. 
This  figure  is  caufed  by  the  mineral  alkali.  See  Nitre 
(Quadrangular). 

8.  With  marine  acid,  mineral  alkali  forms  common  fait, 
the  cryftals  of  which  are  perfect  cubes.  This  fait  differs 
from  the  neutral  fait  formed  by  the  combination  of  the  fame 
acid  with  vegetable  alkali  chiefly  by  its  tafte,  which  is  in- 
iinitely  more  agreeable.    See  Salt  (Common). 

9.  Mineral  alkali  forms  with  the  acid  of  vinegar  a  neutral 
fait  entirely  different  from  the  terra  foliaia  tartaric  which  is 
deliquefcent  and  not  cryftallizable,  while  the  former  cry- 
ftallize$  well,  and  does  not  attract  the  moifture  of  the  air. 
This  fait  has  no  particular  name.  See  Salt  (Neutral) 
Compofed  of  the  Acid  of  Vinegar  and  of  Mineral  Al- 
kali, i 

10.  With  the  concrete  tartareous  acid,  mineral  alkali 
forms  a  neutral  cryftallizable  fait,  differing  from  that  made 
with  the  fame  acid  and  vegetable  alkali,  or  vegetable  fait,  by 
the  figure  of  its  cryftals,  which  are  alfo  much  larger  and^Wer. 
This  fait  is  called  Salt  of  Saignette.  See  Salt  ^/"Saignette. 

1 1.  Mineral  alkali  very  well  diffolves  oils  and  oily  matters, 
and  with  them  forms  faponaceous  compounds,  as  the  vege- 
table alkali  does.  But  foaps  made  with  this  latter  alkali  re- 
main foft,  and  do  not  acquire  fuch  confiflency  and  hardnefs  as 
thole  made  with  mineral  alkali.  This  difference  is  certainly 
caufed  by  the  property  which  mineral  alkali  has  of  cryflal- 
lizino-.    See  Soap.  (I) 

(I)  The  difference  mentioned  in  the  text  does  certainly  not 
proceed  from  the  cryftaliizing  quality  of  mineral  alkali ;  for  this 
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It  is  probable,  that  if  we  were  to  examine  attentively  the 
-combinations  of  marine  alkali  with  iuiphur  and  metallic 
fubftances,  fenfible  differences  might  be  difcovered  from 
fimilar  combinations  made  with  vegetable  alkali.  The  dif- 
covery  of  thefe  differences  could  not  fail  to  throw  new  light 
upon  the  nature  of  this  alkali.  But  I  do  not  believe  that 
fufficient  experiments  have  been  made  on  this  fubjeel:.  ( m) 

Several  celebrated  chemifts  have,  however,  made  con- 
fiderable  refearches  into  the  nature  of  marine  alkali,  The 
perfon  who  has  done  moft  in  this  way  is  M.  Duhamel  de 
Monceau,  a  member  of  the  Academy  of  Sciences,  He  has 
published  in  feveral  memoirs,  a  detail  of  many  experiments 
made  to  decompofe  common  fait,  that  he  might  obtain  the 
alkaline  bafis  fingle  and  pure,  for  the  purpofe  of  examining 
its  properties.  Common  fait  not  being  capable  of  decom- 
pofition  merely  by  the  action  of  fire,  and  without  the 
application  of  another  fubftance,  it  was  neceffary  to  find 
fome  fubftance  which  could  carry  off  the  marine  acid,  with- 
out combining  itfelf  with  the  alkaline  bafis.  As  phlogifton 
produces  this  effecl:  very  well  on  thofe  neutral  falts  which  are 
compofed  of  a  fixed  alkali  and  vitriolic  or  nitrous  acids,  it 
was  natural  to  try  the  feparation  of  the  marine  acid  by  the 
fame  intermediate  fubftance.  This  M.  Duhamel  did,  but 
without  fuccefs  j  although  in  his  experiment  he  employed 
every  refource  of  the  moft  enlightened  chemiftry.  The  fame 
thing  happened  to  Mr.  Margraaf,  who  tried  without  fuccefs 
to  combine  marine  acid  with  phlogifton,  in  order  to  produce 
phofphorus.  It  appears,  then,  that  art  does  not  yet  furnifh 
any  method  of  decompofing  common  fait  by  phlogifton. 

It  is  nevertheleis  probable  that  this  decompofition  is  not 
impoflible,  and  that  it  even  takes  place  every  day  in  the 
combuftion  of  maritime  plants  of  the  Jali  kind,  all  of  which 
contain  fea-falt,  and  when  burnt,  furnifh  a  confiderable 
quantity  of  cryftallizable  alkali,  which  being  combined  with 

fait  cannot  be  formed  into  a  hard  foap  till  it  has  been  deprived 
of  its  cryftallizing  quality  by  quicklime,  which,  by  abforbing  its 
gas,  renders  it  cauftic,  and  incapable  of  forming  cryftals.  See 
Gas.  The  greater  h;irdnefs  of  foaps  made  with  mineral  alkali 
than  of  thofe  made  with  vegetable  alkali,  probably  proceeds  from 
that  property  of  mineral  alkali  by  which  it  has  a  weaker  power 
of  combination  with  water  than  vegetable  alkali  has. 

(m)  A  remarkable  difference  has  been  obferved  by  Margraaf 
between  the  mineral  and  vegetable  alkalies  ;  namely,  that  pla- 
tina  may  be  precipitated  from  its  folution  in  aqua  regia  by  the 
latter,  but  not  by  the  former. 

the 
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the  vitriolic  and  nitrous  acids  forms  Glauber's  fait  and  cubic 
nitre,  entirely  iimilar  to  thofe  formed  from  the  decompoii- 
tion  of  common  fait  by  thefe  two  acids.  It  is  very  probable 
that  this  cryifcallizable  alkali  obtained  from  the  ames  of 
maritime  plants,  proceeds  from  a  portion  of  fea-falt  con- 
tained naturally  in  thefe  plants,  a  part  of  which  is  decom- 
pofed  by  the  burning  ;  for  it  is  certain  that  no  trace  of  a 
difengaged  alkali  can  be  obferved  in  thefe  plants  previoufiy 
to  their  incineration. 

However  that  be,  it  is  certain  that  this  cryftallizable 
alkali  obtained  from  the  afhes  of  maritime  plants,  is  entirely 
of  the  fame  nature  as  the  natural  alkaline  bafis  of  fea-falt. 
This  is  a  truth  which  no  chemilr.  queftions.  But  difputes 
have  arifen  concerning  the  faline  alkaline  nature  of  this  fub- 
fiance. 

The  inquiries  of  M.  Duhamel  had  proved  to  him,  that  it 
had  the  principal  marks  of  a  faline  alkali  j  he  concluded  that 
it  really  was  fuch.  Cn  the  contrary,  the  celebrated  Mr. 
Pott,  who  has  alfo  made  many  experiments  on  this  matter, 
has  always  maintained  that  it  was  only  a  pure  earth,  with- 
out the  properties  of  an  alkaline  fait.  This  diverfity  of 
fentiments  has  occafioned  a  literary  difcumon  betwixt  thefe 
two  learned  gentlemen,  of  that  kind  which  always  turns  out 
to  the  advantage  of  fcience  j  as  it  has  occafioned  a  great 
number  of  beautiful  experiments,  which  greatly  illuitrate 
this  matter. 

The  frrongeft  proof  brought  by  Mr.  Pott  in  fupport  of 
his  opinion,  may  be  found  in  the  Eclairciflements  given  to 
the  fcque!  of  the  French  tranflation  of  his  Lithogeognofia. 
Mr.  Pott  fays,  "  that  by  a  fixed  or  volatile  alkali  an  infipid 
cc  and  perfectly  infoiuble  earth  may  be  precipitated  from 
ec  the  mother  water  ofjpfea-falt,  This  earth  united  to  the 
€c  vitriolic  acid  forms  a  Glauber's  fait  perfectly  fimilar  to 
"  that  prepared  from  fea-falt.  This  Glauber's  fait  produces 
"  with  charcoal  a  faline  alkaline  body,  which  is  not  preci- 
"  pitable  by  fixed  vegetable  alkali;  which  alfo  happens 
C£  precifely  to  Glauber's  fait  prepared  with  fea-falt.  This 
"  alkaline  fait  is  not  produced  by  the  vitriolic  acid,  nor  by 
<c  the  charcoal,  but  principally  from  this  faline  earth, 
cc  which  for  that  reafon  may  be  called  an  alkaline  earthy 
<£  nearly  approaching  a  faline  flate,  and  which  is  capable 
"  of  taking  from  acids  a  proper  portion  of  their  moft  fubtle 
"  parts,  by  combination  with  which  it  becomes  a  genuine 
"  alkali." 

As 
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As  to  what  remains,  it  appears  that,  after  the  properties 
of  fixed  alkaline  falts  and  of  the  bafis  of  fea-falt  have  been 
eftablifhed,  it  is  eafy  to  decide  the  queftion.  Nothing  can 
be  (aid  more  fenfibly  on  this  fubjecl  than  the  following  quo- 
tation from  the  learned  and  judicious  tranflator  of  Air. 
Pott's  Lithogeognofia.    "  This  queition  is  now  reduced  to 

a  difpute  about  words,  fince  Mr.  Duhamel  agrees  with 
"  Mr.  Pott,  that  the  bafis  of  fea-falt  differs  from  the  fixed 
M  alkali  of  nitre  and  others  fimilar;  and  that  Mr.  Pott 
*6  agrees  with  Mr.  Duhamel,  that  it  differs  from  common 
"  abforbent  earths.  But  hitherto  it  feems  that  Mr.  Duha- 
<c  mel's  expreifion  is  more  juft  and  conformable  to  the  de- 
<c  finition  of  faline  fubftances." 

From  all  this  we  ought  to  conclude,  that  the. bafis  of  fea- 
falt  is  neither  a  pure  earth,  nor  an  alkali  fimilar  to  that 
obtained  from  vegetables,  but  a  faline  alkaline  fubftance  of 
a  peculiar  nature ;  and  if  conjectures  may  be  allowed  on 
the  nature  of  this  alkali,  I  mould  be  inclined  to  believe, 
that  it  differs  from  the  vegetable  alkali,  either,  becaufe  a 
larger  quantity  of  earth  enters  into  its  compofition,  or  be- 
caufe its  earthy  principle  is  united  to  it  more  intimately. 

Further,  it  appears  that  the  bafis  of  common' fait  is  truly 
of  a  faline  nature,  from  its  fuccefsful  and  even  advantage- 
ous application  to  all  the  fame  purpofes  in  the  arts  as  fixed 
vegetable  alkali,  as  has  been  faid  above. 

The  only  practical  method  of  procuring  this  alkali  in 
great  quantities  is  by  the  incineration  of  maritime  plants. 
Thefe  afhes  contain  much  mineral  alkali,  when  the  plants 
happen  to  grov/  in  a  favorable  foil  and  climate,  and  the  mi- 
neral alkali  is  found  to  be  more  or  lefs  pure,  according  to 
the  nature  of  the  plants  and  of  the  foil.  Thefe  allies  are 
generally  known  in  commerce  by  the  name  Soda.  This 
foda  is  employed  in  arts  without  purification  ;  hence  there 
is  obferved  a  great  difference  betwixt  different  fodas,  fome 
of  which  are  much  better  than  others,  (n) 

As 

(n)  Mineral  alkali  is  found  lying  upon  the  ground  in  the 
ifland  of  Tenerif,  and  in  many  other  countries.  The  Snanifh 
afhes  called  bariglia,  or  foda,  are  produced  by  burning  kali,  and 
perhaps  fome  other  maritime  plants,  previoufly  dried,  in  pits 
dug  in  the  ground.  From  thefe  plants  Henckel  obtained,  by 
boiling  in  water,  evaporating  and  cryftallizing,  a  confiderable 
quantity  of  marine  fait.  Stahi,  Gellert,  and  other  authors,  pre-', 
tcr  this  fait  to  vegetable  alkali,  for  the  formation  of  glafs,  which 
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Af,tRe  chem^aj/ affinities  and  the  medicinal  virtues  of  the 


^jg^ker^dnd  ofotitf  vegetable  alkalis  are  the  fame,  we  pro- 
i^*Q($&o  men^&hAvhat  is  moft  material  on  thefe  fubjccb. 
^  i  he  «J0yj/s  of  fixed  alkali ,  according  to  Mr.  Geoffroy's 
"  We^w^n  the  following  order  :  vitriolic  acid,  nitrous 
^^trarine  acid,  vinegar,  iulphur. 

r.  Gellert's  Table  is  more  extenfive,  and  is  as  follows  : 
Phlogifrcn,  vitriolic  acid,  nitrous  acid,  marine  acid,  vege- 
table acid,  zinc,  iron,  copper,  lead,  tin,  regulus  of  anti- 
mony, regulus  of  cobalt,  arfenic  and  bifmuth.  Gold  and 
filver  are  marked  in  this  Table  as  indiflbluble  by  fixed  alkali. 

As  fixed  alkalis  are  the  greateft  abforbents  of  acids,  they 
are  proper  for  ail  thofe  maladies  defcribed  by  Boerhaave  as 
proceeding  from  a  fpontaneous  acid.  They  are  even  pre- 
ferable to  abforbent  earths,  (although  thefe  latter  are  more 
frequently  ufed)  in  cafes  where,  notwithstanding  figns  of 
acidity,  a  putrefcent  difpofition  is  apprehended  ;  which  is 
not  at  all  impofiible,  becaufe  they  are,  like  all  faline  mat- 
ters, antifeptic,  according  to  the  obferyations  of  Dr.  Prin- 
gLe.  But  if  the  putridity  was  advanced  to  alkalefcency, 
which  is  very  rare,  they  would  be  very  hurtful,  becaufe 
they  would  increafe  this  alkaline  acrimony. 

It  mufl  not  be  fuppofed  that  fixed  alkalis  taken  internal- 
ly, enter  the  blood-vefTels  with  their  alkaline  qualities.  If 
that  happened,  they  would  be  true  poifons,  as  acids  are  ; 
fince  they  quickly  kill  animals  into  whofe  veins  they  are 
injected. 

The  human  conftitution,  v/hich  cannot  fufFer  the  pre- 
fence  of  any  fenfible  and  difengaged  acids  or  alkalis,  at 
leaft  to  a  certain  degree,  in  our  fluids,  acts  upon  alkalis 
taken  internally  by  combining  them  in  digeftion  with  the 
acids  of  aliments,  or  with  their  oily  parts,  forming  foaps, 
in  which  conditions  only  they  can  arrive  at  the  blood. 

Pure  alkalis  ought  never  to  be  prefcribed  but  in  fmall 
dofes,  as  from  half  a  grain  to  two  grains,  when  they  are 

they  pretend  it  makes  more  durable  and  lefs  liable  to  be  attacked 
by  acids.  But  Kunckel  obferves,  that  the  impurities  mixed  with 
common  foda,  or  bariglia,  give  a  bluifti  color  to  glafs,  and  ren- 
der it  liable  to  crack,  when  cooled.  Stahl  obferves,  that  the 
fame  effect  is  produced  by  common  pot-afh.  I  have  obferved 
that  every  kind  of  fixed  alkali,  however  well  refined,  gives  a  blue 
call  to  glafs,  which  requires  to  be  corrected  by  Manganefe.  The 
mineral  alkali,  as  has  been  obferved  in  the  text,  makes  a  finer, 
harder  foap  than  vegetable  alkali.  It  is  alfo  faid  to  be  more 
effectual  in  the  reduction  of  metallic  calxes. 

incorporated 
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incorporated  with  folid  medicines  and  in  fmall  bulk ;  but 
they  may  be  given  from  one  to  fix  grains,  if  they  be  diluted, 
on  account  of  their  caufticity,  in  a  pint  of  fome  watery  ve- 
hicle. Thefe  faline  fubftances  are  diilblving,  aperitive,  and 
lithontriptic.  They  are  not  much  employed  for  thefe  qua- 
lities ;  but  are  principally  ufed  to  correct  refinous  purga- 
tives, which  they  do  very  well,  by  giving  to  thefe  medicines 
a  faponaceous  quality.  Externally  applied,  thefe  alkalis  are 
refolvent,  difcutient,  and  cauftic.  (o) 

ALKALI  (VOLATILE).  Volatile  alkali  is  a 
faline  fubftance  procured  by  decompofition,  from  all  ani- 
mal, and  from  fome  vegetable  fubftances,  and  by  putrefac- 
tion from  all  thefe  matters,  (p) 

(o)  Dr.  Smith,  in  a  treatife  de  mctu  mufculari,  relates  an 
extraordinary  fact.,  which  he  affirms  to  have  afcertained  by  repeat- 
ed experiments,  namely,  that  of  the  many  fubftances  which  he 
mentions,  acid,  alkaline,  and  corrofive,  mineral  alkali  and 
compounds  formed  of  it  were  alone  capable  of  ftimulating  or  ir- 
ritating the  mufcles  of  frogs,  by  immediate  application  to  thefe 
mufcles,  which  were  expofed  for  the  fake  of  making  thefe  expe- 
riments. 

(p)  The  plants  from  which  volatile  alkali  is  obtainable  by 
diftillation  are  chiefly  of  the  cruciform  kind.  This  alkali  is  ob- 
tained by  diftilling  all  kinds  of  clays,  (as  Brandt  fays)  many  cal- 
careous earths,  chiefly  that  kind  called  Lapis  fuillus,  and  fome 
mineral  waters.  Sal  ammoniac,  which  contains  volatile  alkali, 
is  fublimcd  in  volcanos.  Sal  ammoniac  may  be  produced  from 
foots  of  burning  vegetable  or  animal  fubftances,  and  even  of  mi- 
neral coals.  Authors  mention  various  methods  by  which  volatile 
alkali  may  be  produced.  As  a  knowledge  of  thefe  may  affift  us  to 
form  a  theory  concerning  this  faline  fubftance,  we  mall  relate 
fome  of  them.  Volatile  alkali  may  be  produced  by  heat,  i. 
From  a  mixture  of  quicklime  with  vitriol,  or  with  alum,  or  with 
tartar.  Pott,  2.  From  a  mixture  of  any  eftential  oil  with  vitrio- 
lic acid  and  fixed  alkali.  Id.  3.  From  nitre  detonating  with 
charcoal./^/.  4.  From  a  combination  of  marine  acid  with  quick- 
lime. Id.  5.  From  magnefia  alba  by  diftillation.<  Dr.  Black.  6. 
From  tartar.  Id.  7.  From  deliquiated  fait  of  tartar  poured  on 
white  fait  of  vinegar.  German  Epbemerides,  Pctt,  Ludovici,  and 
Hoffman.  9.  From  fea-falt  combined  with  putrifying  fubftances. 
Pott.  10.  From  fea-falt  diftilled  with  charcoal.  Id.  11.  From 
fea-falt  diftilled  with  quicklime.  Id.  12.  From  fait  of  Sylvius 
diftilled  with  fixed  alkali.  Beck  and  Peterman.  1  3.  From  fea-falt 
diftilled  with  clay.  Brandt.  14.  From  ruft  of  iron  diltilled. 
B  our  deli  n.  .  . 
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This  faline  fubftance  is  called  alkali^  becaufe  in  fact  ft 
has  all  the  general  properties  of  faline  alkalis,  as  the  fharp, 
cauftic  and  burning  tafte  ;  the  property  of  tinging  violets 
with  a  green  color ;  of  combining  with  acids  to  the  point 
of  faturation,  and  forming  with  them  different  neutral  falts, 
mofr  of  which  are  cryfrallizable  ;  of  feparating  all  earthy 
and  metallic  matters  from  their  union  with  acids  ;  laftly, 
of  diffolving  by  the  humid  way,  almoft  all  fubftances  folu- 
ble  by  other  alkalis. 

This  alkali  is  called  volatile,  becaufe  in  facl:  it  is  very 
much  fc.  Its  volatility  is  owing  to  a  portion  of  attenuated, 
very  fubtle,  and  very  volatile  oil,  which  enters  into  its 
compofition  as  one  of  its  principles,  as  is  proved  by  its 
diltinguifhing  properties. 

Volatile  alkali  differs  according  to  the  fubftances  whence 
it  is  procured,  and  according  to  the  manner  of  obtaining  it. 
Thefe  differences  proceed  from  fome  principles  fuperahun- 
dant  and  extraneous  ;  particularly,  feveral  oils  from  which 
it  is  not  at  firft  exactly  depurated.  But  all  volatile  alkalis, 
however  obtained,  and  from  whatever  fubftances,  may  be 
fo  purified  by  the  method  which  fhall  be  foon  ciefcribed, 
that  no  difference  remains  amongft  them  \  and  hence  we 
oaght  to  conclude  of  this  fubftance,  as  well  as  we  did 
of  the  various  kinds  of  fixed  alkali,  that  it  is  Tingle, 
identical,  and  always  fimilar  to '  itfelf,  when  fufneiently 
purified. 

Pure  volatile  alkali  differs  from  fixed  alkali,  firft,  by  its 
greater  volatility,  which  is  fo  great  that  it  may  be  entirely 
fublirned  or  diflipated  by  a  heat  much  lefs  than  the  heat  of 
boiling  water ;  by  its  fmell,  which  is  only  an  effect  of  its 
volatility:  the  fmell  of  this  fait  is  ftrong,  very  penetrating, 
and  fo  pungent,  that  it  cannot  be  endured  above  an  inftant, 
without  fuffocation  or  fainting  ;  its  vapor  excites  a  cough, 
una  brings  tears  into  the  eyes,  it  is  this  fait  v/hich  occafions 
the  pungent  fmell  obferved  in  neceffary-houfes  at  changes 
of  weather. 

This  alkali  differs  alfo  from  the  fixed  by  its  lefs  force  ; 
hence  fixed  alkalis  are  capable  of  decompofing  all  tho.e  falts 
whofe  bafes  are  volatile  alkali,  of  feparating  it  from  thefe 
falts,  and  of  fetting  it  at  liberty. 

Volatile  alkali  unites  perfectly  with  water,  to  which  it 
has  even  a  ftrong  affinity,  and  with  it  retains  fluidity  :  it  is 
then  called  volatile  alkaline  fpirit.  When  it  contains  no 
fuperabundant  water,  it  is  in  a  concrete  form,  and  is 
3  cryftal- 
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tryftallized,  in  which  it  differs  from  fixed  vegetable  al- 
kali, (q) 

•  All  acids  unite  and  crFervefce  with  volatile  alkali  to  the 
point  of  faturation,  forming  neutral  falts,  generally  called 
ammoniacal  falts. 

Ammoniacal  falts  have  an  infinitely  ftronger  and  more 
pungent  tafte  than  falts  whofe  bafes  are  fixed  alkali,  becaufe 
volatile  alkali  unites  with  acids  lefs  intimately.  Thefe 
neutral  falts  are  femi-volatile ;  that  is,  they  may  be  fublim- 
ed  by  a  fufficiently  ftrong  heat  ;  and  this  property  they  owe 
to  the  volatility  of  their  alkaline  bafis. 

The-  ammoniacal  fait  which  volatile  alkali  forms  with 
vitriolic  acid  is  cryftallizable,  and  is  called  vitriolic  a;;,mo- 
niacal  fait,  or  fecret  ammoniacal  fait  of  Glauber,  from  the 
name  of  the  chemift  who  difcovered  it.    Ste  thefe  ivords. 

The  kind  of  nitre  formed  by  volatile  alkali  and  nitrous 
acid  is  alfo  cryftallizable,  and  has  the  peculiar  property 
of  detonating  alone,  when  heated  fufficiently,  without  ad- 
dition of  any  matter  containing  phlogiilon,  as  is  neceflary 
for  the  detonation  of  ordinary  nitre.  This  phenomenon 
proves  the  exiftence  of  the  inflammable  principle  in  vola- 
tile alkali.  This  nitre,  whofe  bafis  is  volatile  alkali,  is 
called  ammoniacal  nitre,  or  nitrous  ammoniacal  fait.  See  thefe 
words. 

With  marine  acid,  volatile  alkali  forms  alfo  a  neutral 
cryftallizable  fait,  called  Sal  Jmmoniac.  This  is  the  molt 
ufed,  and  firft  known  of  the  ammoniacal  falts,  and  from 
which  the  name  has  been  derived  to  the  others.  See  Sal 
Ammoniac. 

Volatile  alkali  may  be  combined  with  fulphur,  with 
which  it  forms  a  kind  of  volatile  liver  of  fulphur,  the  pre- 
paration of  which  is  given  by  Hoffman.  See  Liver  of 
Sulphur. 

Moft  metallic  matters  are  attacked,  and  more  or  lefs 
difiblved  by  volatile  alkali ;  but  copper  is  of  all  metals  the 
moft  eafily  and  copioufly  difiblved  by  it.  To  diflblve  this 
metal,  nothing  more  is  requifite  than  to  digeft  its  filings  in 
liquid  volatile  alkali.  The  folution  acquires  a  beautiful 
blue  color. 

This  folution  exhibits  a  curious  and  interefting  pheno- 
menon, which  is,  that  if  the  bottle  containing  it  be  well 

( ? J  Volatile  alkali,  by  combination  with  gas  or  fixable  air, 
is  cryftallizable ;  uncombined,  it  cannot  be  obtained  in  a  folid 
Itate. 
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corked,  the  blue  color  grows  fainter,  and  at  length  entire)/ 
difappears,  fo  that  the  liquor  becomes  colorlefs  like  water. 
But  if  the  fame  bottle  be  then  uncorked,  the  upper  part 
of  the  folution  from  its  contact  with  the  external  air  re- 
fumes  its  color,  and  this  color  is  gradually  communicated 
to  the  reft  of  the  liquor.  Thus  may  this  blue  color  be 
made  to  appear  and  difappear  alternately,  as  often  as  is  re- 
quired, by  corking  and  uncorking  the  bottle. 

Other  metallic  matters  are  not  nearly  fo  eafily  attacked 
by  volatile  alkali  as  copper  is.  Thefe  folutions  have  even 
not  been  much  examined. 

When  metals  are  previoufly  diflblved  and  divided  by 
acids,  they  are  then  infinitely  more  fufceptible  of  folution 
by  volatile  alkali.  For  this  purpofe  it  is  fufficient  to  pour 
into  fome  ftrong  alkaline  fpirit  fome  drops  of  metallic  folu- 
tion. At  firft  a  precipitate  is  formed,  which  foon  difap- 
pears  upon  agitating  the  liquor,  and  is  rediflblved  by  the 
volatile  alkali.  That  this  experiment  mould  fucceed,  it  is 
jieceflary  that  the  metallic  folution  mould  have  a  con- 
fiderable  excefs  of  acid  j  that  is,  that  the  acid  mould  not 
be  nearly  faturated  with  the  metal.  By  this  method,  cop- 
per and  mercury  are  diflblved  in  greater  quantity  than  other 
metals. 

In  whatever  manner  the  copper  be  diflblved  by  this  fait, 
it  always  communicates  a  blue  color,  very  beautiful  and 
deep.  This  property  renders  the  alkaline  fpirit  a  proof 
liquor  to  difcover  copper,  and  render  it  fenfible  when  it 
could  not,  from  the  fmallnefs  of  its  quantity,  be  percepti- 
ble by  other  methods.  Thus  a  little  volatile  alkali  may  be 
poured  into  any  mineral  water,  containing  too  fmall  a 
quantity  of  copper  to  be  otherwife  perceptible.  The  blue 
color  which  this  water  aflumes  difcovers  the  prefence  of 
copper. 

Volatile  alkali,  added  gradually  to  a  metallic  folution, 
feizes  the  acid  of  the  folution,  and  precipitates  the  metal. 
The  moil  Angular  metallic  precipitate  made  by  volatile  al- 
kali is  that  of  gold  previoufly  diflblved  in  aqua  regia. 
This  precipitate  is  of  a  yellow  color,  and  is  one  fourth 
part  heavier  than  the  gold  employed.  When  heated  to  a 
certain  degree,  it  detonates  and  fulminates  with  a  rnoft 
terrible  explonon.  It  is  called  fulminating  gold.  See  Gold 
(Fulminating). 

Mercury  diflblved  in  fpirit  of  nitre,  and  precipitated  by 
volatile  alkali,  is  of  a  flate  color.  This  color  proceeds  from 
the  inflammable  matter  of  the  volatile  alkali.    The  other 
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metallic  precipitates  made  by  volatile  alkali  have  nothing 
fingular  :  none  of  them  fulminates  like  the  precipitate  of 
gold;  even  that  of  platina  does  not,  though  this  mual 
poilefles  fo  manytof  the  properties  of  gold.  ( r) 

Volatile  alkali,  as  well  as  fixed,  ads  upon  oils,  and 
forms  with  them  different  faponaceous  compounds  ;  hence 
this  fait  may  be  employed  to  fcour  and  clean  from  greafe  ; 
and  lixiviums  made  of  quicklime  and  urine,  which  contain 
much  volatile  alkali,  are  ufed  in  fome  arts.  This  alkali  is, 
however,  lefs  eafily  united  with  oils  than  fixed  alkali  is, 
and  particular  management  is  neceflary  to  bring  it  to  a 
faponaceous  ftate.  See  Spirit  (Volatile  Aromatic 
Oily)  ;  and  Eau  de  Luce.  Thefe  are  the  principal  fapo- 
naceous compounds  made  with  volatile  alkaii. 

Volatile  alkaii,  when  fir  ft  feparated  from  animal  and  ve- 
getable matters,  is,  as  we  before  obferved,  very  impure. 
It  is  particularly  depraved  by  much  empyreumatic  oil, 
which  is  united  with  it  into  a  ftate  perfectly  faponaceous, 
and  which  it  renders  foluble  in  water.  It  may  be  fepara- 
ted from  this  fuperfluous  oil  by  diftilling  it  with  a  very- 
gentle  fire,  either  alone,  or  mixing  with  matters  capable 
of  abforbing  and  retaining  the  oil,  as  fixed  alkalis  and  ab- 
forbent  earths  are.  But  the  moft  efficacious  method  of 
purifying  it  is,  to  reduce  it  to  fal  ammoniac,  and  then  to 
decompofe  this  fait,  by  any  of  the  proper  mediums  for  the 
difengagement  of  the  volatile  alkali.  By  this  method  it  is 
obtained  in  its  greateft  purity  ;  becaufe,  in  its  combination 
with  the  acid,  it  perfectly  feparates  itfelf  from  all  extrane- 

(r)  From  Mr.  MargraaPs  Experiments,  publifhed  in  the 
Berlin  Memoirs  for  the  year  1745,  we  ^n<^  tnat  filver, 
bifmuth,  zinc,  and  copper,  diflblved  in  their  proper  acid  iblvenrs, 
Hi  ay  be  firlt  precipitated  from  thefe,  and  afterwards  redifTolved 
by  volatile  alkali ;  that  thefe  metals  precipitated  by  fixed  alkaiis 
may  be  again  diflblved  by  volatile  alkali ;  and  that  mercury, 
lead,  and  tin,  were  not  diflblved  by  volatile  alkali  applie  ]  in  the 
fame  manner.  B,  andt  fays,  that  volatile  alkali  occafions  a  coagu- 
lation of  afolution  of  iron  in  nitrous  acid,  whi-  h  is  foon  rediiTolv- 
ed; and  that  the  fame  alkali  precipitates  iron  from  vitriolic 
acid.  He  alfo  fays,  that  regulus  of  cobalt  cannoi  be  pre  .  ipitated 
from  nitrous  acid,  nor  arfenic  from  aqua  regia,  by  volatile  alkali. 
Volatile  alkali  has  no  effect  upon  any  metal  not  previoufly  difiblv- 
ed  by  acids,  excepting  copper,  iron,  and  lead ;  the  firit  of 
which  it  diflblves  perfectly,  a  very  fmall  quantity  of  the  fecond, 
and  the  third  is  very  flowly  changed  by  it  into  a  kind  of  muci- 
lage.   See  Pott  fur  la  DiJJblutivn  de$  Corps  % 
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©us  matter.    See  Sal  Ammoniac,  for  the  purification  of  vo- 
latile alkali,  and  for  feveral  of  its  ejfential  properties,  (s) 

The  affinities  of  volatile  alkali,  according  to  Mr.  Geof- 
froy's  Table,  are,  vitriolic  acid,  nitrous  acid,  and  ma- 
rine acid.  According  to  Mr.  Gellert's  Table  they  are> 
phlogifton  ;  vitriolic,  nitrous,  and  marine  acids  ;  vinegar  ; 
zinc;  iron  y  copper;  bifmuth ;  mercury;  filver;  and  gold. 

Volatile  alkali  is  employed  in  medicine  as  a  powerful 
ftimulant  and  exciter,  when  applied  fo  that  the  perfon  mail 
inhale  the  vapors  of  it.  Thus  it  is  applied  in  faintings7 
fyncopes,  apoplexies,  and  in  all  lethargic  difeafes,  in  which 
the  nervous  parts  are  benumbed  and  unbraced.  In  thefe 
cafes  it  is  ufually  applied  in  bottles,  either  in  a  concrete 
form  called  EngliJJo  Salt,  or  in  a  fluid  form,  and  reduced  to 
a  femi-faponaceous  ftate  by  mixture  with  oil  of  amber, 
when  it  is  called  Eau  de  Luce.  See  Salt  (English)  ;  and 
Eau  de  Luce, 

It  may  alfo  be  taken  internally  in  thefe  cafes,  particu- 
larly in  apoplexies  and  lethargic  difeafes,  but  in  fmall 
dofes,  as  from  two  or  three  grains  to  fix,  and  added  to 
ftimularit  mixtures.  Taken  in  this  manner,  it  fometimes 
is  a  powerful  fudorific. 

M.  Bernard  de  Juflieu  has  difcovered  that  this  faline 
fubfrance  is  a  fpecific  againft  the  bite  of  vipers ;  having 
cured  as  it  were  miraculoufly,  by  means  of  eau  de  luce,  a 
fludent  of  medicine,  to  whom  this  accident  happened, 
while  he  was  botanizing. 

ALKALISATION.  This  name  is  applied  to  ope- 
rations by  which  alkaline  properties  are  communicated  to 
bodies ;  or  to  thofe  by  which  alkali  is  extracted  from  bo- 
dies which  contain  it,  or  in  which  it  may  be  formed.  For 
example,  fpirit  of  wine  is  faid  to  be  alkaltfed  when  it  has 
been  digefted  upon  alkali,  a  part  of  which  it  diflfolves,  and 

(s)  To  the  properties  above-mentioned  of  volatile  alkali,  we 
may  add,  i.  That  pure  or  cauftic  volatile  alkali,  that  is,  when 
the  volatile  alkali  is  uncombined  with  gas  or  hxable  air,  fuch  as 
the  fpirit  of  fal  ammoniac  is  when  obtained  by  means  of  quicklime, 
is  foluble  in  fpirit  of  wine ;  and  that  mild  volatile  alkali  is  not 
foluble  in  that  fpirit :  hence  if  a  ftrcng  foiution  of  mild  volatile 
alkaline  fait  be  added  to  fpirit  of  wine,  the  water  of  the  foiution 
will  combine  with  the  fpirit,  and  the  fait  will  be  precipitated, 
forming  what  is  called  Ojfa  Helmontii.  2.  Mild  volatile  alkaline 
fait  requires  four  times  its  quantity  of  water  todilfolve  it :  cauftic 
volatile  alkali,  as  we  have  already  obferved,  is  always  combined 
with  water. 
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thence  acquires  alkaline  properties.  On  the  other  hand, 
when  a  neutral  fait  is  decompofed  in  order  to  obtain  its  al- 
kaline baiis,  this  fait  is  faid  to  be  alkalifed.  Thus  nitre, 
deprived  of  its  acid  by  detonation  with  inflammable  mat- 
ters, as  charcoal,  tartar,  metals,  fo  that  nothing  remains 
but  its  alkali,  is  called  Nitre  alkalifed  by  Charcoal,  or  by 
Tartar ,  &c. 

Vegetable  fubftances,  when  reduced  to  afhes,  may  alfo 
be  faid  to  be  alkalifed  ;  becaufe  thefe  allies  contain  fixed  , 
alkali.    See  the  detail  of  particular  alkalifatious,  under  the 
articles  of  the  different  Alkalis. 

ALKOHOL.    This  name  has  been  given  to  any  im- 
palpable powder.    See  Porphyrisation. 

It  has  alfo  been  given  to  highly  rectified  fpirit  of  wine* 
See  Spirit  a/Wine. 

ALLAY.  This  word  is  employed  in  chemiftry  to  fig- 
nify  the  union  of  different  metallic  matters. 

As  an  infinity  of  different  combinations  may  be  made  ac- 
cording to  the  nature,  the  number,  and  the  proportions  of 
the  metallic  matters  capable  of  being  allayed,  we  fhall  not 
here  enter  into  the  detail  of  the  pai  icular  allays,  all  which 
are  not  yet  nearly  known.  Thofe  which  are  ufed,  as 
Bronze,  Tombac,  Brafs,  White  Copper,  &c.  may  be  found 
under  their  particular  names  ;  and  what  is  known  con- 
cerning other  allays  may  be  partly  found  under  the  names 
of  the  different  metals  and  femi-metals  and  partly  in  this 
article. 

Metallic  fubftances  cannot  unite  directly  with  earthy 
matters,  not  even  with  their  own  earths,  when  deprived 
of  their  inflammable  principle,  and  confequently  of  their 
metallic  properties.  But  in  general  it  may  be  faid,  that 
all  metals  may  be  allayed  with  each  other,  although  more 
or  lefs  eafily,  and  although  fome  of  them  have  not  yet  been 
made  to  unite. 

As  metals  are  bodies  naturally  folid,  the  firft  condition 
for  their  union  is,  that  they  be  fufed.  They  then  unite, 
like  all  bodies  which  reciprocally  diffolve  each  other.;  and 
from  thefe  combinations  new  compounds  refult,  which 
have  the  mixt  properties  of  the  component  fubftances. 
See  Composition  (Chemical). 

In  thefe  metallic  allays,  as  in  almoff  all  other  metallic 
Combinations,  phenomena  appear  which  depart  from  the 
general  rules  of  combinations.  Thus  it  is  obferved,  that 
fome  of  the  properties  of  metals  forming  an  allay  aie  al- 
tered, increafed,  or  diminifhed  by  their  union.    The  duc- 
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tility,  for  inrtance,  of  a  metallic  compofition  is  generally 
Jefs  than  the  ductility  of  the  component  metals  alone  and 
pure.  The  denfity  or  fpecific  gravity  of  metals  and  femi- 
metals  is  alfo  changed  by  allaying  them  with  each  other. 
Sometimes  the  fpecific  gravity  of  the  compound  is  interme- 
diate betwixt  the  fpecific  gravity  of  the  component  metals, 
fometimes  it  is  lefs,  and  frequently  greater :  this  depends 
upon  the  nature  of  the  metals.  The  fame  obfervation  may 
alfo  be  applied  to  the  colors  refulting  from  the  allays  of 
metals. 

Metallic  allays  are  either  natural  or  artificial.  The  firfr. 
are  thofe  made  by  nature,  fuch  as  moll:  minerals,  contain- 
ing fever al  metals  allayed  with  each  other.  Native  gold  is 
always  more  or  lefs  allayed  with  filver  ■>  and  native  filver 
with  gold. 

Artificial  allays  are  thofe  made  exprefly  for  different  ufes, 
or  for  the  fake  of  examining  their  properties. 

Although  the  allays  of  different  metallic  matters  are  of 
great  importance  to  the  theory  and  to  the  practice  of  che- 
miftry,  yet  all  the  refearches  which  the  fubject.  deferves, 
and  is  capable  of,  have  not  been  made.  Mr.  Gellert  is  one 
of  thofe  w*ho  have  done  moft  in  this  way.  In  his  MetaU 
lurgic  Chemifiry  there  are  a  great  number  of  experiments, 
which  we  mall  relate  here  fummarily.  The  experiments 
made  for  the  allaying  of  femimetals  with  metals  are  his 
own,  and  were  undertaken  to  determine  the  fpecific  gra- 
vities of  thefe  allays.  He  relates  the  others  before  known, 
from  chemical  writings,  and  particularly  from  a  DifTerta- 
tion  of"  Mr.  Kraaft  exprefly  on  this  fubjecl.  We  mail 
refer  the  allays  of  mercury  with  other  metals,  called 
Amalgams,  to  the  word  Amalgam. 

Gold  may  be  eafily  united  with  filver,  and  in  all  pro- 
portions. Mr.  Gellert  fays,  that  this  allay  is  nearly  of  an 
intermediate  gravity  betwixt  the  gravities  of  the  two  metals, 
and  but  a  very  little  augmented.  This  allay  is  of  no  ufe  in 
the  arts  :  on  die  contrary,  as  pure  metals  are  always  more 
ductile  than  allays,  in  the  arts  where  ductility  is  requifite, 
as  in  wire-drawing,  and  gold-beating,  the  pureft.  metals  are 
chofen.  (t) 

Silver 

ft)  The  component  metals  of  which  metallic  allays  are  formed 
may  be  either  chemically  combined,  that  is,  mutually  diffolved 
by  each  other  ;  or  mechanically  mixed,  that  is,  diiFufed  through 
each  other  by  the  action  of  lire  ;  or  they  may  be  partly  combined. 
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Silver  may  be  eafily  allayed  with  copper,  and  in  all  pro- 
portions :  copper  alfo  unites  in  the  fame  manner  with  gold. 

Gellert 


and  partly  diftufed,  if  the  proportion  of  their  quantities  to  each 
other  be  different  from  that  which  is  neceffary  for  their  combina- 
tion.   For  molt,  if  not  all,  metals  can  be  only  combined  with 
each  other  in  certain  proportions,  as  is  very  obfervable  in  thofe, 
the  fufion  of  which  requires  very  different  degrees  of  heat.  But 
thofe  which  may  be  kept  fufed  in  nearly  the  fame  degrees  of  heat, 
may  be  mixed  together  in  almofh  any  proportion,  and  will  be  nearly 
uniformly  diifufed  throughout  the  metallic  mafs  when  haftily  cool- 
ed. As  metallic  allays  have  not  been  before  confidered  in  this  man- 
ner, no  experiments  have  been  made  to  determine  the  proportions 
with  which  they  can  combine \  nor  can  we  eafily  eftabliih  rules  by 
which  this  kind  of  combination  can  be  afcertained.    Thofe,  how- 
ever, which  appear  to  be  moft  probable,  for  diiHnguilhing  this 
combination,  are,  i.  When  an  allay  poffeffes  properties  which  nei- 
ther of  its  component  metals  had.  2.  When  the  properties,  as  the 
fpecific  gravity,  color,  hardnefs,  &c.  of  the  allay,  are  not  in  an  in- 
termediate degree  betwixt  the  fame  properties  of  t\\e  component 
metals,  according  to  the  proportion  of  thefe  metals  to  each  other.  3. 
When  the  component  parts  of  an  allay  are  not  feparable  from  each 
other  by  eliquation  ;  that  is,  by  applying  a  heat  capable  of  fufing 
one  of  them  only;  nor  by  keeping  the  whole  mafs  in  fufion,  with  • 
a  heat  not  more  intenfe  than  is  neceffary  for  thatpurpofe,  but  in- 
sufficient to  occafion  an  ebullition,  and  by  cooling  the  melced 
mafs  very  flowly.    When  therefore,  according  to  thefe  rules,  a 
metallic  allay  has  no  properties  but  thofe  which  its  component 
metals  had  ;  when  its  denfity,  color,  hardnefs,  elaiiicity,  fufibi- 
lity,  and  other  properties,  are  precifely  in  an  intermediate  degree 
betwixt  thofe  of  its  component  metals ;  and  laftly,  when  its  com- 
ponent metals  may  be  feparated  from  each  other  by  eliquation, 
or  by  giving  them  fuch  a  fluidity  and  reit  as  that  they  may  Sepa- 
rate according  to  their  refpective  denfities ;  we  may  then,  with  4 
probability,  pronounce  that  this  allay  is  compoied  of  parts  not 
chemically  combined  :  and  when  to  an  allay,  which  by  thefe 
rules  is  compofed  of  metals  chemically  combined,  a  quantity  of 
one  of  the  fame  kinds  of  metal  of  which  the  allay  was  compoied, 
is  added,  and,  upon  examination,  the  new  allay  is  found  to 
pofTefs  no  properties  but  fuch  as  are  intermediate  betwixt  the  firfl 
allay  and  the  added  metal,  and  to  be  feparable  by  eliquation,  or 
by  fufion  according  to  their  different  denfities,  we  may  then  con- 
fider  this  new  alla\  as  a  mafs  confining  of  metals  partly  combined, 
and  partly  difruied.    That  the  allay  mentioned  in  that  part  of 
the  text  to  which  this  note  refers,  namely,  that  of  gold  with 
filver,  does  net  confiil  of  parts  chemically  combined,  or  elfe, 
that  but  a  very  fmall  proportion  of  either  of  thefe  metals  ^  n  be 
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Gellert  obferves,  that  the  allay  of  filver  and  copper  is  of  a 
greater  than  the  intermediate  gravity  ;  but  that  the  allay  of 
gold  and  copper  is  of  a  gravity  lefs  than  intermediate. 
Copper  renders  gold  and  filver  harder  and  more  fonorous, 
without  much  diminution  of  their  ductility.    It  has  even 
the  remarkable  property  of  rendering  thefe  two  metals  lefs 
fufceptible  of  lofing  their  ductility  by  the  vapor  of  charcoal, 
which  th:y  are  very  liable  to  do ;  copper  alfo  heightens  the 
color  of  gold.    Thefe  properties  of  copper  relatively  to  gold 
and  filver  render  its  allay  with  thefe  metals  of  great  ufe  to. 
gold  and  filver  fmiths  ;  becaufe  it  makes  thefe  metals  firmer, 
and  fitter  for  working  and  chafing  j  and  alfo  for  making 
money,  for  the  fame  reafons  j  and  for  the  payment  of  the 
duties  of  Government,  and  for  compenfation  of  the  expences 
of  coining.   ;  The  quantity  of  copper  allayed  with  gold  and 
filver  for  thefe  different  ufes  varies  according  to  the  different 
countries,  but  in  each  country  it  is  fixed,  and  always  the 
fame. 

Iron  allays  well  with  filver,  and  {till  better  with  gold. 
Gellert  obferves,  that  the  gravity  of  an  allay  of  gold  and 
Iron  is  lefs  than  the  intermediate.  The  affinity  of  thefe  two 
metals  is  very  great ;  for  gold  facilitates  its  fufion,  which 
indicates  a  ftrong  difpofition  to  unite.  Gellert  obferves 
upon  this  occafion,  that  therefore  gold  is  fitter  than  copper 
for  foldering  fine  works  of  iron  and  fleel.  (u)    Iron  unites 

difficultly 

combined  with  the  other,  appears  probable  from  the  following 
reafons  :  I .  The  denfity  of  the  allay  is  very  nearly  intermediate 
between  the  denfities  of  the  component  parts,  2.  The  filver  and 
gold  are  not  uniformly  and  equally  diftributed  through  the  whole 
mafs.  This  ifte  quality  is  proved  by  an  experiment  of  Mr.  Hellot. 
He  melted  a  mafs  of  20  pounds,  containing  55  parts  of  filver  and 
one  part  of  gold,  and  poured  it  into  three  feparate  maffes,  each 
of  which  was  found  by  effay  to  contain  a  different  proportion  of 
gold  from  the  two  others.  3.  Gold  and  filver  kept  in  gentle 
fufion  are  feparafele  from  each  other,  merely  by  means  of  their 
different  denfi  ies.  Mr.  in om berg  kept  equal  parts  of  gold  and 
filver  in  gentle  fufion  a  quarter  of  an  hour,  and  found,  upon 
breaking  the  crucible,  two  maffes,  of  which  the  upper  was  pure 
filver,  and  the  lower  the  whole  gold  allayed  with  £th  part  of  filver. 
He  repeated  the  experiment  with  nearly  the  fame  event ;  and  twice 
he  obtained  the  two  metals  perfectly  feparated  from  each  other. 
$ee  a  note  to  th°  article  Affinity. 

(u)  t\  very  fmall  quantity  of  iron  renders  gold  hard,  brittle, 
and  pale,    So  hard  are  fome  mixtures  of  iron  and  gold,  that  they 
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difficultly  with  copper,  and  in  fmall  proportion.  It  renders 
copper  paler.  The  portion  of  iron  which  does  not  unite 
with  'copper  forms  a  feparate  regulus,  which,  however, 
flrongly  adheres  to  the  furface  of  the  regulus  of  copper. 
The  degrees  of  affinity  of  iron  with  other  metals,  accord- 
ing to  Gellert's  Table,  but  reverfing  the  order  in  which 
he  has  placed  them  (that  is  to  fay,  beginning  by  thofe 
with  which  it  has  the  ftrongeft  affinity,  which  feems  to  be 
the  mod  natural  order),  are,  gold,  filver,  and  copper. 

Tin,  according  to  the  fame  author,  unites  with  all  metals, 
and  renders  them  brittle  ;  iron  and  lead  it  alters  leaft  in  this 
refpec~t.  (iv)  But  gold  and  filver  are  fo  affected  by  tin, 
that  its  vapor  alone  is  capable  of  deftroying  the  ductility  of 
a  large  quantity  of  thefe  metals,  as  is  well  known  to  arti- 
ficers. 

The  allays  of  tin  with  gold  and  filver  are  therefore  of  no 
ufej  on  the  contrary,  they  are  carefully  avoided  ;  but  with 
copper  tin  forms  an  ufeful  compound,  known  by  the  name 
of  Bronze.  The  fpecific  gravity  of  allays  of  filver  and  of 
copper  with  tin  is  greater,  and  that  of  gold  v/ith  tin  is  lefs 
than  the  intermediate.  The  affinities  of  tin  with  other 
metals,  according  to  Gellert's  Table  (only  reverfing  his 
order,  which  we  mall  always  do),  are  iron,  copper,  filver, 

§olcL 

Lead  unites  with  all  metals,  excepting  iron,  with  which 
no  method  has  been  found  to  unite  it.  Gellert  obferves, 
that  this  property  of  iron  with  regard  to  lead  renders  it  fit  to 
feparate  this  latter  metal  from  others,  provided  that  the 
metal  from  which  it  is  to  be  feparated  has  not  a  greater  dif- 
pofition  to  unite  with  lead,  than  the  iron  has  to  unite  with 
it.  This  is  certain,  that  lead  may  ferve  as  an  intermedium 
by  which  iron  may  be  feparated  from  other  metals  :  for  in- 
ftance,  from  filver.  For  if  a  fufficient  quantity  of  lead  be 
melted  with  filver  allayed  with  iron,  it  will  eafily  feize  upon 
the  filver,  and  feparate  the  iron  from  it,  which  will  then 
fwim  upon  the  furface  of  the  two  melted  metals. 

The  allays  of  gold  and  of  filver  with  lead  have  a  greater 
fpecific  gravity,  and.  the  allays  of  copper  and  of  tin  v/ith 
jcad  have  a  lefs  fpecific  gravity,  than  the  intermediate. 

are  faid  to  have  been  formed  into  razors.  Three  or  four  parts  of 
iron  and  one  part  of  gold  compcfe  an  allay  nearly  as  white  as 
filver. 

(<w)  Equal  parts  of  tin  and  iron  form  a  white  but  brittle 
ma  is. 
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The  allay  of  lead  with  other  metals  is  ufed  for  the  efTays 
of  ores,  for  refining,  and  for  liquation.    See  Liquation. 

Lead  and  tin  are  allayed  together  to  form  a  folder  for 
pipes  and  other  works  of  lead. 

The  affinities  of  lead  with  other  metals,  according  to 
Mr.  Gellert's  Table,  aie,  filver,  gold,  tin,  copper. 

Zinc  may  be  allayed  with  all  metallic  matters,  excepting 
bifmuth,  with  which  it  cannot  unite,  according  to  Mr. 
Gellert.  This  femimetal,  when  united  with  metallic  fub- 
irances,  gives  fufibility  to  thofe  which  are  lefs  fufible  than 
itfelf.  The  denfity  of  allays  of  gold,  of  filver,  of  coppep, 
and  of  lead  with  zinc  is  greater ;  and  that  of  allays  of  the 
fame  femimetal  with  tin,  iron,  and  regulus  of  antimony,  is 
lefs  than  intermediate. 

The  allays  of  zinc  with  moft  metallic  matters  are  not 
uf  d  in  the  arts,  but  that  with  copper  is  very  much.  This 
allay  forms  Brafs,  Tcmbac,  Prince's  Metal,  Pinchbeck,  &c. 

The  affinities  of  zinc  with  other  metallic  matters  are, 
according  to  Gellert's  T~ble,  copper,  iron,  filver,  gold,  tin, 
lead  partly;  that  is,  it  does  not  unite  with  lead  in  all  pro- 
portions. 

Bifmuth  unites  with  all  metals,  and  with  moft  femimetals. 
It  has  fo  great  action  upon  other  metallic  fubftances,  that  it 
feniibly  facilitates  their  fufion.  (x)  Bifmuth  renders  all  the 
metals  with  which  it  is  united  brittle.  It  does  not  unite 
with  zinc ;  npr,  according  to  Mr.  Gellert,  with  arfenic. 

(x )  Bifmuth  greatly  increafes  the  fufibility  of  fome  metals, 
as  appears  from  the  following  1  able  of  Dr.  J'ewis,  in  which  the 
degrees  of  heat  are  marked  in  numbers  according  to  Fahrenheit's 
feale. 

600.  Mercury  boils. 

540,  Lead  melts. 

460.  Bifmuth  melts. 

410.  Tin  melts. 

390.  Tin  8  parts,  bismuth  1  part,  me't. 
330.  Tin  2  parts,  bifmuth  1  part,  melt. 

Tin  3  partsj  lead  2  parts,  melt. 
280   Tin  and  Biimuth,  equal  parts,  melt. 
2  .  2.  Water  boi's. 

Mr.  D'Arcet  has,  in  the  Journal  de  Medicine,  (June  1 77 5) 
pubUfhed  an  account  of  fome  experiments  made  to  difcover  the 
proportions  of  lead,  tin  and  bifaiuth,  which  mould  produce  the 
moft  fufible  allay.  He  found  that  a  mals  confifting  of  eight  parts 
of  bifmuth,  five  parts  of  lead,  and  three  parts  of  tin,  melted  in 
foiling  watci,  and  even  in  balneo  maria. 
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When  melted  along  with  zinc,  it  remains  at  the  bottom  of 
the  crucible,  as  being  the  heavier  of  the  two ;  and  when 
they  are  cooled,  they  are  found  forming  two  diitinct  reguli 
adhering  ftrongly  to  each  other.  Gold,  filver,  lead,  and 
regulus  of  antimony  form  w.'th  bifmuth  allays  of  greater, 
and  iron  forms  an  allay  of  lffs,  than  intermediate  deniity, 
and  copper  forms  with  it  an  allay  of  intermediate  denfity. 

The  allnys  of  'i-i:muth  are  not  in  ufe,  excepting  fome  par- 
ticular metallic  compofitions  for  mirrors. 

The  affinities  of  bifmuth  with  other  metals  are,  according 
to  Mr.  Gellert's  Table,  in  the  following  order:  iron,  cop- 
per, tin,  lea.i,  filver,  gold. 

"  Cobalt'*  *,  fays  Mr.  Gellert,  "  maybe  allayed  with 
*'  all  metals  and  femimetals  ;  but  it  acts  little  upon  lead 
<c  and  fihrcr.  When  equal  parts  of  lead  and  cobalt  ara 
<c  melted  together,  thefe  two  fubftances  are  found  only 
H  adhering  to  each  other,  the  lead  being,  in  confequence  of 
M  its  greater  fpecific  gravity,  at  the  bottom  of  the  crucible, 
t*  and  the  cobalt  above  it ;  fo  that  it  feems  probable  that 
ff  they  are  not  at  all  combined.  But  if  the  fame  cobalt  be 
*c  melted,  after  it  has  been  thus  treated,  with  iron,  which 
<c  feems  to  be  the  moft  readily  united  with  it  of  all  the 
"  metals,  a  fmall  regulus  of  lead  is  found  at  the  bottom  of 
•*  the  crucible,  becaufe  iron  and  lead  do  not  unite.  At 
<c  firft,  we  might  be  apt  to  believe  that  filver  and  cobalt  do 
"  not  unite  together.  In  facf,  if  two  parts  of  cobalt  and 
"  one  part  of  filver  be  melted  together,  the  filver  is  found  at 
"  bottom  and  the  cobalt  above,  only  adhering  to  each  other: 
"  But  the  filver  is  become  more  brittle,  and  of  a  greyifh 
ff  color  j  and  the  cobalt  is  become  whiter  than  before.  If 
"  this  filver  be  cupelled,  the  part  of  the  cobalt  united  with 
*'  it  will  attach  itfelf  to  the  cupell  in  form  of  a  circle,  and 
"  the  filver  will  be  found  to  have  loft  an  eighth  part  of  its 
<c  weight,  which  will  be  found  upon  effaying  the  cobalt, 
"  and  examining  how  much  filver  it  contains."  Metallur~ 
glc  Chemijhy,  Tom.  I. 

Thefe  experiments  of  Mr.  Gellert's  prove,  that  regulus 
of  cobalt  cannot  be  united  to  lead  and  to  filver  in  all  pro- 
portions, but  only  in  fmall  quantities.  The  fame  may  be 
laid  of  bifmuth,  with  which,  fays  Mr.  Gellert,  cobalt  is 

*  Note.  By  C  bait  Mr./ Gellert  certainly  means  what  we  call 
Regulus  of  Cobalt ;  for  Cobalt  properly  called  is  a  mineral  com- 
pofed  of  other  fubftances  befides  the  regulus  of  cobalt,  as  fulphur, 
arfenic,  bifmuth,  filver,  and  uninetallic  earths.    See  Coealt. 
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very  eafily  united  :  for  Mr.  Beaume,  who  has  made  many  ex- 
periments on  the  regulus  of  cobalt,  has  obferved,  that  when 
this  regulus  is  melted  with  bifmuth,  thefe  two  metals  are 
found  leparate,  the  bifmuth  being  at  the  bottom  of  the  cru- 
cible and  the  cobak  above  it. 

The  allays  of  the  regulus  of  cobalt  are  but  little  known, 
and  not  ufed  in  the  arts. 

In  Mr.  Gelkrt's  Tatdp,  the  affinities  of  regulus  of  cobalt 
with  metallic  matters  are  in  the  following  order :  copper, 
iron,  tin,  zinc,  regulus  of  antimony,  bifmuth  and  lead, 
illver,  and  arfenic,  partly. 

Regulus  of  antimony  may  be  allayed  with  almoft  all 
metallic  fubftances.  Mr.  Gellert  fays,  that  the  denfity  of 
allays  of  this  regulus  with  iron,  tin,  or  zinc,  is  lefs  than 
intermediate^  and  that  the  denfity  of  allays  of  this  regulus 
with  filver,  copper,  lead,  and  bifmuth,  is  greater  than  in- 
termediate. He  obferves  alfo,  that  the  magnetic  property 
of  iron  is  much  more  diminished  by  an  allay  of  that  metal 
with  regulus  of  antimony  than  with  any  other  metallic  fub- 
flance. 

Allays  of  regulus  of  antimony  are  little  ufed  in  the  arts. 
It  is  ufed  in  fome  compofitions  for  fpeculurns.  An  allay  of 
this  femimetal  with  iron,  tin,  and  copper,  is  made  for  the 
•preparation  of  a  medicme  called  Lilly  of  Par  ace  If  us,  or  Tinc- 
ture of  metals.    See  Lilly  of  Paracelsus. 

The  affinities  of  the  regulus  of  antimony  with  metallic 
fubrb.nces  are  placed  by  Mr.  Gellert  in  the  following  order : 
zinc,  copper,  tin,  lead,  filver,  gold.  Bifmuth  is  fo  placed 
in  the  Table  as  to  denote  its  incapacity  of  uniting  with  the 
regulus  of  antimony. 

Arfenic,  or  its  regulus,  unites  with  moll:  metallic  matters. 
Mr.  Gellert  fays,  that  it  whitens  iron  ;  but  the  allay  rewrit- 
ing from  thence  is  very  brittle.  Copper  is  alfo  rendered 
very  white  by  mixture  with  arfenic.  This  is  the  white  tombac 
.which  refembles  filver.  Mr.  Gellert  affirms,  that  this  allay, 
potwithftanding  it  contains  arfenic,  is  fufficiently  ductile 
and  malleable,  which  is  very  remarkable.  But  if  it  contain 
too  much  arfenic,  it  is  brittle,  and  blackens  in  its  furface, 
Arfenic  united  with  tin  is  partly  reduced  to  a  powder  like 
afhes,  in  which  much  of  the  arfenic  remains.  The  reft  of 
the  tin  is  very  brilliant,  foliated,  and  externally  refembles 
zinc,  without  being  polTeiTed  of  any  of  its  properties.  Tin 
alfo  becomes  much  harder  and  more  fonorous  by  this  union. 
Lead  united  with  arfenic  fmokes  and  fwells  more  quickly 
with  a  moderate  fire  than  it  does  alone  :  a  part  of  it  is  diffi- 
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pated  in  form  of  a  thick  fmoke  ;  another  part  is  changed  into 
a  glafs  of  a  reddifh  yellow  color ;  and  the  remaining  lead  is 
brittle,  and  dark-colored.  Arfenic  unites  with  filver,  and 
renders  it  brittle,  it  does  the  fame  to  gold,  and  alfo  de- 
prives it  of  its  color,  rendering  it  pale.  It  unites  very 
difficultly  with  cobalt,  with  which  it  forms  a  black,  mining; 
matter.  Laftly,  Mr.  Gellert  (from  whom  all  this  is 
extracted)  fays,  that  bifmuth  cannot  be  united  with  arfenic. 

In  this  author's  Table  of  Affinities,  the  metallic  fubftances 
capable  of  uniting  with  arfenic  are  placed  in  the  following 
order,  which  is  the  fame  as  that  for  the  regulus  of  antimdriy : 
zinc,  iron,  copper,  tin,  lead,  filver,  gold,  regulus  of  anti- 
mony. 

The  allays  of  arfenic  ufed  in  the  arts  are  white  tombacs, 
and  fome  compofitions  for  fpeculums. 

It  is  neceffary  to  remark  on  the  fubject  of  arfenical  allays, 
that  this  fmgular  fubftance  has  the  property  of  uniting  with 
metals  even  when  it  is  deprived  of  phlogifton,  and  in  an  unme- 
tallic  ftate.    This  proceeds  from  its  faline  character,  and 
from  its  property  of  taking  phlogifton  from  the  imperfect 
metals  and  from  the  femimetals  ;  confequently  there  ought  to 
be  a  difference  betwixt  the  allays  made  with  white  cryftalline 
arfenic,  and  thofe  made  with  the  regulus  of  arfenic.  See 
Arsenic,  and  Regulus  of  Arsenic,  (y)    It  is  proper  to 
obferve,  that  chemifts  who  treat  of  metallic  allays  differ 
much  from  each  other  in  the  defcriptions  they  give  of  the 
refultsof  their  experiments,  as  may  be  fcen  in  the  particular 
articles  of  each  metallic  matter,  which  ought  to  be  confulted 
on  this  fubjeel:,    But  thefe  differences  are  not  furprifing, 
when  we  confider  the  difficulty  of  the  matter,  and  the  great 
obftacles  which  prevent  perfect:  exactnefs  in  thefe  experi- 
ments.    All  who  have  operated  much  in  chemiftry  will 
eafily  perceive,  that,  without  reckoning  the  difference  of 
proportions  of  the  metals  employed  in  the  allays,  which 
muff  greatly  affect  the  refults,  others  much  more  considerable 
would  occur,  depending  on  the  purity  of  metals,  on  the 

(y)  The  author  of  the  Dictionary  has  omitted,  in  the  enume- 
ration of  allays,  thofe  of  Platina,  and  of  the  femimetal  difco- 
vered  by  Mr.  Cronliedt,  called  Nickel.  For  thofe  of  Platina,  fee 
the  article  Platina.  Nickel  may  be  allayed  with  all  metallic 
fubftances  excepting  filver,  mercury,  and  zinc.  By  means  of 
nickel  the  two  lemimetals  bifmuth  and  regulus  of  cobalt  may  be 
united.  It  whitens  copper  and  gold,  and  it  renders  the  malle- 
able metals  hard  and  brittle. 
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greater  or  lefs  quantity  of  phlogifton  with  which  many  of 
them  are  capable  of  being  united,  on  the  very  variable  de- 
ductibility and  volatility  of  many  metallic  matters ;  and 
laftly,  on  the  jiift  degrees  of  heat,  which  are  of  coniiderable 
coniequence,  and  which  it  is  almoft  impomble  to  determine 
precifely. 

From  thefe  obfcrvations  we  ought  to  conclude,  that,  in 
order  to  make  a  fett  of  accurate  experiments  on  metallic 
allays,  and  which  may  be  depended  upon,  it  is,  in  the  firft 
place,  neceffary  that  all  the  metallic  matters  to  be  employed 
be  exceedingly  pure,  which  is  a  matter  of  great  difficulty: 
in  the  kcond  place,  it  is  proper  to  make  all  the  fuiions  in 
veffels  perfectly  clofe,  to  prevent  the  alteration,  the  burn- 
ing, and  the  defrruction  of  thofe  metals  which  are  liable  to 
thofe  events  :  laftiy,  to  determine  carefully  the  precife 
degree  of  heat  requjiite.for  the  beft  combination  of  metallic 
matters  with  each  other.  But  it  does  not  appear  that  any 
perfon  has  hitherto  done  this  great  and  important  work ;  it 
is  to  be  wifhed  that  it  were  undertaken.  How  many  fine 
experiments  might  be  made  upon  all  thefe  allays,  to  difcover 
their  properties ! 

What  has  been  already  done  in  this  matter  is,  however, 
fufficient  to  eftablifh  fome  general  truths.  Several  have 
been  explained  in  the  beginning  of  this  article.  Another 
evidently  refults  from  the  experiments  of  M.  Kraaft  andM. 
Geliert :  it  is  this,  That  as  in  the  union  of  all  other  bodies, 
fo  in  that  of  metallic  fubftances,  fome  are  more  ealily  foluble, 
and  in  all  proportions ;  others  more  or  lefs  difficultly,  and 
only  in  certain  proportions ;  and  laftly,  others  appear  inca- 
pable of  uniting  in  any  manner.  1 

On  thefe  two  latter  cafes  it  is  very  important  to  obferve, 
that  this  property  which  certain  metallic  matters  have  of 
difiblving  others  in  certain  proportions  only,  is  very  capable 
of  impofing  on  the  operator,  and  of  perfuading  him  that 
one  metal  cannot  be  united  with  another,  becaufe  he  fees 
after  the  fufion  two  diftincl:  reguli,  while  in  fact,  there  is  a 
quantity,  though  frequently  a  very  fmall  one,  of  one  of  the 
metals  united  with  the  other.  This  is  fimilar  to  what 
happens  in  the  combination  of  fpirit  of  wine  with  oils,  and 
of  water  with  ether.  Chemifts  believed  long  that  ether 
was  infoluble  in  water,  becaufe  when  thefe  two  liquors  were 
put  in  the  fame  veffel  they  conftantly  feparated,  the  ether, 
being  greatly  the  lighter  cf  the  two;  rinng  upwards,  and 
floating  on  the  furface  of  the  water.  But  the  Count  de 
Lauragais,  having  examined  the  matter  more  attentively, 
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and  in  a  truly  chemical  manner,  demonstrated,  in  a  memoir 
read  at  the  Academy  of  Sciences,  of  which  he  is  a  member* 
that  ether  is  really  foluble  in  water,  but  only  in  a  certain 
proportion.  See  Ether.  This  being  eftablimed,  perhaps 
we  mould  find,  if  we  were  to  examine  all  the  mixtures  of 
metallic  fubftances,  that  thofe  which  have  hitherto  been 
confidered  as  incapable  of  union  are,  neverthelefs,  very 
capable  of  it,  but  cnly  in  certain  proportions ;  and  if  fome 
are  found  which  cannot  by  ordinary  fufion  be  united,  we 
might  ftill  try  to  break  their  aggregation  mere  compleatly, 
and  then  to  apply  them  to  each  other,  as  the  Count  de  Lau- 
ragais  has  done  with  fulphur  and  fpirit  of  wine.  See  Com- 
bination ;  Composition  (Chemical). 

ALU  DELS.  Chemifts  give  this  name  to  certain  pots 
or  capitals  which  are  open  at  both  the  upper  and  lower  ends, 
and  may  be  inferted  and  applied  above  each  other,  fo  that 
the  whole  mall  form  a  pipe  or  tube  more  or  lefs  long  accord- 
ing to  the  number  of  aludels  compofing  it.  The  aludel 
which  terminates  this  tube  above,  ought  to  be  clofed  in  its 
upper  part,  or  to  have  but  a  very  fmall  opening.  The  tube 
compofed  of  thefe  aludels  is  nothing  but  a  kind  of  capital  or 
head,  which  may  be  enlarged  or  lengthened  at  pleafure,  and 
adapted  to  a  cucurbit.  This  apparatus  is  intended  to 
collect  and  retain  dry  and  volatile  matters,  which  may  be 
reduced  into  flowers  by  fublimation.  It  mav  be  employed 
for  the  preparation  of  flowers  of  fulphur,  of  arienic,  of  anti- 
mony, of  benjamin,  &c.  See  Subximation.  See  alfi 
Plate  L 

ALUM.  Alum  is  a  cryfrallizable  fait  compofed  of 
vitriolic  acid  united  with  an  argillaceous  earth.  This  fait 
has  an  auftere,  fweetim,  and  ftrongly  altringent  t<:fte.  This 
ftrong  tafte  proceeds  from  the  ftrength  of  union  betwixt  the 
acid  and  its  bafe  being  lefs  than  in  other  vitriolic  falts  with 
earthy  bafes  -y  fuch,  for  example,  as  felenites,  which  has  no 
fenfible  tafte.  Mr.  Beaume  has  even  obferved,  that  the  acid 
of  alum  is  not  exactly  faturated ;  for  it  is  certain  that  it 
reddens  turnfol  and  blue  paper. 

This  fait  diffolves  fufficiently  well  in  cold,  but  in  much 
larger  quantity  in  boiling  water,  (as)  It  is  confequently 
fufceptible  of  cryftallization  by  the  evaporation  and  cooling 
of  the  water  in  which  it  is  diflblved.    The  figure  of  the 

( x.)  Neuman  fays,  that  alum  requires  ten  times,  and  other 
authors  fay  it  requires  fourteen  times,  its  weight  of  water  to  dif- 
iblve  it. 

.  cryftals 
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cryftals  of  this  fait  varies,  like  that  of  other  falts,  according 
to  the  circumftances  concurring  during  the  crystallization. 
When  its  folution,  evaporated  to  the  cryftallizing  point,  is 
made  to  cool  flowly,  the  greateft  part  of  its  cryftals  are 
found  to  be  triangular  pyramids,  whofe  four  angles  feem 
cut  off.  Alum  retains  half  its  weight  of  water  in  crystalli- 
zing. 

This  great  quantity  of  water  in  the  cryftals  of  alum,  to- 
gether with  its  property  of  greater  folubility  in  hot  than  in 
cold  water,  is  the  caufe  that  when  put  in  an  earthen  or  iron 
veffel,  on  a  good  fire,  it  enters  into  a  liquefaction,  which 
gradually  diminifhes  as  the  water  evaporates.  When  it  is 
entirely  evaporated,  which  is  not  foon,  the  alum  which  had 
fwelled  much  during  this  operation,  remains  dry  and  friable; 
it  is  then  called  Calcined  Alum.  After  this  evaporation,  it 
may  be  again  diflblved  in  water,  and  cryftallized  as  before. 

Although  the  acid  of  alum  appears,  as  its  tafte  and  folu- 
bility indicate,  to  be  lefs  intimately  combined  with  its  bafis 
than  the  acid  of  felenites  is,  yet  but  a  very  fmall  quantity  of 
it  can  be  difengaged  by  the  ftrongeft  fire.  Mr.  Geoffroy 
put  fome  calcined  alum  into  an  earthen  retort,  and  expofed 
it  to  a  moft  violent  fire  continued  during  fix  days  and  fix 
nights  ;  and  from  five  pounds  of  alum  thus  treated  he  ob- 
tained only  three  ounces  of  vitriolic  acid,  although  it  is 
certain  that  this  fait  contains  a  much  greater  proportion  of 
acid,  as  we  mall  foon  fee.  The  acid  thus  obtained  by 
diftillation  from  alum  is  called  Spirit  of  Alum  \  and  does  not 
differ  from  pure  vitriolic  acid. 

Alum  may  be  eafily  decompofed  by  feveral  intermediate 
fubftances. 

Firft,  as  the  acid  of  alum  is  certainly  the  vitriolic,  all 
fubilances  which  have  a  greater  afnnity  than  earths  to  vitrio- 
lic acid,  are  capable  of  uniting  with  it,  and  of  feparating 
from  it  its  earthy  bafis. 

Alum,  therefore,  treated  properly  with  any  matter  con- 
taining phlogifton,  may  be  decompofed;  its  acid  uniting 
with  it,  and  forming  artificial  fulphur.    See  Sulphur. 

It  is  by  means  of  this  artificial  fulphur,  which  is  formed 
during  the  calcination  of  alum  with  any  vegetable  or  animal 
matter,  that  ithe  pyrcpborus  of  Homberg  is  made,  which  has 
the  property  of  burning  merely  by  contact,  of  air.    See  Py-  i 

ROPHORUS. 

In  the  fecond  place,  all  faline  alkalis  are  capable  of 
decompofing  alum.  This  decompofition  may  be  made  in 
the  humid  way.    Thus  if  any  alkali  be  added  to  a  folution 
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of  alum,  the  liquor  immediately  becomes  turbid  and  white, 
and  a  fediment  is  formed,  which  is  the  earth  of  alum  iepa- 
rated  from  its  acid  by  the  intervention  of  alkaline  fait  On 
the  other  fide,  the  new  fait  formed  by  the  union  of  the  acid 
of  alum  with  the  alkali,  may  be  cryitallized  by  evaporating 
the  liquor.  If  fixed  vegetable  alkali  was  employed  for  this 
precipitation,  vitriolated  tartar  is  formed  :  if  mineral  alkali 
was  employed,  Glauber's  fait  is  formed.  This  dccompofi- 
tion  of  alum  is  a  very  convenient  method  of  preparing  thefe 
two  falts.  Laitly,  if  volatile  alkali  be  employed  for  this 
precipitation  of  the  earth  of  alum,  vitriolic  ammoniacal  fait 
will  be  formed. 

Calcareous  earths,  and  even  fome  metallic  fubftances,  are 
capable  of  decompofing  alum.  The  former  are  fo,  becaufe 
their  affinity  is  greater  than  that  of  the  argillaceous  earth  of 
alum  with  the  vitriolic  acid ;  and  the  latter,  for  inftance 
iron  and  zinc,  are  fo,  becaufe  of  the  ilight  adhefion  of  their 
phlogifton. 

It  appears  that  Mr.  Geoffroy  was  the  firft  who  difcovered 
that  iron  could  decompofe  alum ;  and  this  he  did  by  boiling 
alum  in  an  iron  pot.  -This  experiment  of  Mr.  Geoffroy  is 
found  in  the  Memoirs  of  the  Academy  of  Sciences. 

What  has  been  faid  concerning  thefe  different  decompo- 
fitions  of  alum  proves  inconteftably,  that  the  acid  of  this  fait 
is  the  pure  vitriolic ;  and  this  truth  has  been  known  a  con- 
iiderable  time  ;  but  till  lately,  the  nature  of  the  earthy  bafis 
of  alum  was  not  precifely  and  diftinctly  underftood.  For>a 
long  time  it  was  confidered  by  chemifls  as  a  calcareous  earth  : 
but  accurate  experiments  have  fince  fhewn,  that  calcareous 
earths,  united  with  vitriolic  acid,  formed  fdenices  and  not 
alum,  which  are  entirely  different ;  and  that  the  earth  of 
alum  could  not  decompofe  fal  ammoniac,  nor  be  converted 
into  quicklime,  nor  had  any  of  the  diftinguifhing  properties 
of  calcareous  earth.  Thefe  experiments  have  been  made  by 
Pott,  Margraaf,  and  Baron.  This  l'aft  chemift,  ftruck 
with  the  differences  betwixt  earth  of  alum  and  calcareous 
earth,  and  with  the  refemblance  betwixt  alum  and  moil 
vitriolic  falts  with  metallic  bafes,  has  given  a  Memoir  to 
the  Academy  of  Sciences,  in  which  he  conjectures  that  this 
earth  of  alum  is  of  metallic  nature. 

On  the  other  fide,  there  were  experiments  which  proved 
that  the  earth  of  alum  was  contained  in  clays.  Mr.  Geof- 
froy and  Mr.  Hellot  had  faid,  that,  by  digefting  clays  with 
vitriolic  acid,  they  had  obtained  falts  of  the  nature  of  alum. 
Hellot,  having  employed  a  clay  as  an  intermediate  fubftance 
3  in 
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in  the  diftillation  of  the  ether  of  Frobenius,  perceived  that 
the  vitriolic  acid  of  this  mixture  had  deprived  the  clay  of  all 
its  argillaceous  properties,  by  taking  from  it  an  earth,  which 
being  again  feparated  from  this  acid  by  an  alkali,  had  all  the 
properties  of  pure  clay.  See  Memoirs  of  the  Academy  for  the 
year  1739.  Mr.  Pott,  who  quotes  in  his  Lithogeognofia 
this  experiment  of  Mr.  Hellot,  having  fatisfied  himfelf  with 
regard  to  the  properties  of  the  alum  obtained  by  digefting 
vitriolic  acid  upon  clay,  concluded  that  the  earth  of  alum  is 
of  an  argillaceous  nature.  See  Pott's  Lithogeognofia.  Mr. 
Gellert  in  his  Metaliurgic  Chemiftry,  and  cfpccially 
Mr.  Margraaf,  in  three  difTertations  upon  alum,  have  men- 
tioned the  fame  experiments,  and  have  drawn  from  them 
the  fame  concluiions.  Laftly,  Mr.  Macquer,  in  a  Memoir 
read  at  the  Academy  in  1762,  concerning  clays  and  their  fufibi- 
lity  when  joined  to  calcareous  earthy  after  having  quoted  the 
above  citations,  which  are  extracted  from  that  memoir, 
places  the  affair  beyond  doubt,  by  adding  his  own  experi- 
ments and  obfervations  to  thofe  already  made.  "  I  add," 
fays  this  chemilt,  <c  to  all  thefe  teftimonies,  that  having 
"  made  an  accurate  examination  of  the  properties  of  the 
"  earth  of  alum,  feparated  from  every  acid,  I  am  convinced, 
<c  by  all  the  proofs  to  which  I  have  fubmitted  it,  that  it 
*<  has  an  entire  and  perfect  refemblance  to  the  purer!  clay : 
*4  that  is,  to  clay  perfectly  feparated  from  vitriolic  acid  and 
"  all  fandy  matter.  I  have  obferved,  that  earth  of  alum, 
<c  properly  prepared,  has  all  the  argillaceous  properties 
<c  attributed  to  it  by  the  above-mentioned  chemifts,  and 
4t  particularly  a  very  binding  quality.  I  have  alfo  obferved, 
"  that  this  earth  is  very  difficultly  dried,  and  that  it  ftrongly 
<c  retains  the  lafr.  portions  of  moifture.  By  drying,  its 
<c  bulk  is  conflderably  diminifhed,  which  occafions  it  to  be 
iC  much  cracked.  It  receives  a  polim  like  all  fat  clays,  when 
"  rubbed  with  a  fmooth  body.  If  it  be  expofed  fuddenly  to 
<c  fire  before  it  be  perfectly  dried,  it  decrepitates  ftrongly, 
"  and  burfts  with  great  noife,  like  clays.  When  it  has 
"  been  gradually  heated,  and  then  Cxpoied  to  a  violent  fire, 
<c  I  have  obferved  that  it  has  acquired  a  flinty  hardnefs,  and 
"  that  bv  this  baking  and  hardening;  in  the  fire  it  has  con- 
6C  traded  ro  one  half  in  all  its  dimenlions. 

a  Notwithstanding  this  hardening,  and  great  contraction 
cc  of  its  fize  by  fire,  it  is  remarkably  refractory.  It  refitted 
cc  the  greateit  violenc  e  of  fire  that?  I  was  able  to  expofe  it  to 
cc  without  fhewing  the  leaft  tendency  to  melt.  Having 
"  mixed  it  with  fritts  of  crylial-glafs,  and  different  fluxes, 

i'uch 


ALUM 


u  fuch  as  fixed  alkaline  falts,  nitre,  borax,  glafs  of  lead,  I 
"  have  found  that  thefe  matters  melted  and  vitrified,  without 
"  melting  this  earth  ;  fo  that  it  has  always  communicated  an 
*'  opacity  to  all  the  glafTes  refulting  from  thefe  mixtures. 

"  A  very  remarkable  property  of  this  earth,  but  which, 
"  like  the  foregoing  properties,  is  common  to  it  with  clays, 
"  particularly  when  very  pure>  is,  that  though  its  color  be 
"  very  white,  yet  this  whitenefs  cannot  be  preferved  :  for 
<c  when  it  is  moift  it  greedily  abforbs  all  greafy,  and  con- 
"  fequently  coloring  particles  from  contiguous  bodies. 
w  When  expofed  to  moderate  fire,  it  begins  to  blacken ; 
*'  then  it  becomes  more  or  lefs  white,  according  to  the 
. "  nature  of  its  coloring  matter :  but  to  whiten  it  thus,  it 
u  ought  not  to  be  entirely  clofed,  but  to  have  a  free  com- 
<c  munication  with  external  air.  Laftly,  If  the  fire  be 
iC  encreafed  fufHciently  to  harden  well  and  bake  this  earth  ; 
"  then  in  whatever  manner,  and  with  whatever  attention  it 
u  may  have  been  prepared,  it  never  fails  to  refume  fo  much 
"  more  color  as  it  is  heated  more  intenfely.  It  takes  all 
"  forts  of  tints,  yellowim,  greenifh,  bluifh,  grey,  brown, 
"  and  fome  I  have  feen  become  quite  black.  I  have  already 
"  obferved,  that  the  fame  thing  happens  to  natural  clays, 
"  when  well  deprived  of  fand. 

"  This  property  denotes  a  very  great  difpofition  in  this 
"  earth  of  uniting  with  the  principle  of  inflammability, 
<c  and  of  retaining  it  ftrongly  when  once  united.  This  may 
tc  give  occafion  to  conjecture  that  the  earths  of  metals,  and 
"  thofe  which  are  difpofed  to  metallifation,  are  efTentially 
"  of  argillaceous  nature  ;  and  this  idea  adds  a  new  probabi- 
u  lity  to  the  opinion  of  Mr.  Baron,  who,  in  a  memoir 
<c  upon  the  earth  of  alum,  conjectures  that  this  earth  is 
u  of  metallic  nature,  although  not  really  reducible  into 
"  metal,  at  leafl:  by  any  procefies  hitherto  afcertained,  and 
•c  fufHciently  known. 

"  However  that  be,  it  appears  well  afcertained  by  the 
<c  chemical  experiments  quoted  above,  and  by  mine,  that 
<c  earth  of  alum  is  a  pure  clay,  free  from  all  mixture  of 
"  vitrefcible  earth ;  and  that  all  natural  clays  are  mixtures 
<c  of  greater  or  lefs  quantities  of  this  pure  argillaceous  earth, 
"  which  is  capable  of  combining  with  vitriolic  acid,  and 
"  of  forming  with  it  alum;  and  of.  another  fubftance  of 
"  different  nature,  which  in  its  natural  ftate  cannot  com- 
"  bine  with  vitriolic  acid,  and  which  Mr.  Margraaf  con- 
"  fiders  as  a  true  fand,  as  indeed  it  has  all  the  marks  of 
"  that  kind  of  earth. 
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c<  From  all  this  it  may  be  inferred,  that  in  all  natural 
"  clays  there  is  only  this  portion  capable  of  forming  alum 
"  with  a  vitriolic  acid,  which  is  a  true  argillaceous  earth  ; 
"  and  that  the  other  portion  is  of  a  nature  entirely  different." 
See  Clay. 

Alum  is  capable  of  decompofing  nitre  and  common  fait, 
in  confequence  of  the  vitriolic  acid  it  contains.  The 
nitrous  and  marine  acids  may  even  be  obtained  more  pure 
by  means  of  alum  than  of  any  other  fubftance. 

All  the  alum  which  is  in  commerce  is  extracted  by  dif- 
ferent operations  from  feveral  pyritous,  earthy,  or  ftony 
matters,  containing  the  vitriolic  acid  and  the  earth  proper 
for  forming  this  fait. 

The  pyrites  or  pyritous  matters  from  which  alum  is  ex- 
tracted, ought  to  have  efflorefced  in  open  air,  or  to  have 
been  calcined  in  the  fire,  to  allow  the  vitriolic  acid  of  the 
fulphur  which  they  contain  to  difengage  itfelf.  This  acid 
meeting  in  the  pyrites  itfelf  the  argillaceous  earth  proper  to 
form  alum,  does  in  fact  there  combine  with  it,  and  form  that 
fait;  which  is  afterwards  extracted  by  lixiviation,  evapora- 
tion, and  cryftallization,  as  is  pradtifed  for  all  falts.  Much 
of  thefe  pyrites  or  pyritous  ftones  furnifhing  alum  are  found 
in  Sweden,  England,  Germany,  and  France,  and  they  are 
worked  according  to  the  above  general  proceftes.  But  to 
have  a  clear  idea  of  what  paffes  in  thefe  operations,  it  is 
neceflary  to  know  pyrites,  and  its  nature  j  for  which  reafon 
fee  the  word  Pyrites. 

ROCK-ALUM.  The  alum  which  is  extraded  from 
pyritous  mineral  matters  is  feldom  very  pure,  on  account  of 
the  vitriolic  metallic  fubftances  always  contained  in  pyrites. 
I  have  examined  many  of  thefe  alums,  and  by  the  proofs 
made  of  them,  I  have  found  that  they  always  contained  a 
greater  or  lefs  quantity  of  martial  vitriol.  This  alum  is  in 
commerce  called  rock-alum,  becaufe  much  of  it  is  extracted 
from  pyritous  rocks  or  ftones.  It  appears  that  the  names 
Ice-alum  and  Rock-alum  are  fynonimous  and  confounded  in 
commerce,  becaufe  there  is  no  difference  in  the  price. 
Frequently  thefe  alums,  which  are  in  great  mafTes,  like 
ftones,  (which  may  a]fo  have  contributed  to  the  name  Rock- 
alum)  have  a  reddifh  tinge.  Thefe  are  the  impureft,  and 
contain  moft  martial  vitriol. 

A  large  quantity  of  pure  alum  is  extracted  from  the 
neighbourhood  of  Puzzoli,  near  Naples,  at  a  place  called 
Uolfatara,    See  Sulphur. 
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The  Abbe  Nollet,  who  vifited  this  place,  and  examined 
the  works  eftablifhed  there,  fays,  in  the  Memoirs  of  the 
Academy,  that  the  matter  from  which  the  alum  is  extracted, 
is  an  earth  iimilar  in  its  confiftencc  and  color  to  the  marie 
found  in  the  fame  plain.  I  have  examined  this  earth,  and 
have  found  that  it  has  the  appearance,  and  nearly  the  con- 
fidence of  white  marie  :  but  it  differs  eflentially  from  marie 
in  not  efTerve Icing  with  nitrous  acid. 

Caldrons  of  lead,  two  feet  and  a  half  in  diameter,  and  as 
much  in  depth,  are  filled  with  this  earth  or  Hone,  to  three 
quarters  of  their  contents.  Thefe  caldrons  are  funk  fo  as  to 
be  almoft  on  a  level  with  the  ground  under  a  great  fried,  at 
about  the  diftance  of  four  hundred  paces  from  the  fulphur 
furnaces.  Water  is  thrown  into  each  caldron,  till  it  rifes 
three  or  four  inches  above  the  bottom.  The  natural  heat 
of  the  ground  of  this  place  is  fufficient  to  heat  th^  matter, 
as  it  makes  Mr.  Reaumur's  Thermometer  rife  thirty-feven 
degrees  and  a  half  above  the  freezing  point :  and  thus  fuel 
is  laved.  By  means  of  this  digeftion,  fays  the  Abbe  Nollet, 
the  faline  part  is  difengaged  from  the  earth,  and  rifes  to  the 
furface,  whence  large  cryftals  are  obtained. 

The  alum  in  this  ftate  is  mixed  with  much  impurities. 
It  is  carried  to  a  building  at  the  entry  into  the  Solfatara, 
and  it  is  diflblved  with  hot  water  in  a  great  {lone  veflel 
fhaped  like  a  funnel.  The  alum  is  there  cryftallized  again 
by  the  heat  only  of  the  ground,  and  becomes  purer. 

PLUME-ALUM.  This  name  is  given  to  two  very 
different  fubftances.  One  is  a  matter  truly  faline,  which 
talks  and  diflblves  in  water  like  alum,  and  cryftallizes  in 
form  of  feathers.  This  kind  of  alum,  which  is  native,  is 
found  cryftallized  in  grottos  where  aluminous  mineral  waters 
pals.  Mr.  Tournefort  obferved  it  in  his  voyage  into  the 
Levant.  It  is  rare,  and  not  found  in  commerce.  The 
other  matter  to  which  the  name  of  plume-alum  has  been 
Very  improperly  given,  is  nothing  elfe  than  a  friable  amian- 
thus or  a/befius.  (a) 

(a)  The  alum,  which  is  found  native  with  a  lanuginous  or  plu- 
mofe  appearance,  is  probably  formed  by  the  decompofition  of 
pyrites,  or  fome  compound  containing  fulphur  and  clay.  By 
the  dilfipation  of  the  phlogifton  of  the  fulphur,  the  vitriolic  acid 
is  difengaged,  and  unites  with  the  argillaceous  earth,  forming 
alum. 

The  name  of  Plume -alum  is  alfo  given  by  Bafil  Valentine,  and 
other  alchemical  authors,  to  a  compound  formed  of  arfenic  united 
with  variolic  acid. 
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ROM  AN  ALUM.  In  the  territory  of  Civita  Vecchla, 
about  fourteen  leagues  from  Rome,  is  found  a  hard  ftone 
whence  a  great  deal  of  very  fine  and  pure  alum  is  extracted. 
The  place  where  this  ftone  is  found  and  manufactured,  is 
called  Alumlnera  della  Tolfa.  This  ftone,  which  is  neither 
pyritous  nor  calcareous,  is  manufactured  by  calcining  it, 
as  limeftone  is,  for  twelve  or  fourteen  hours,  after  having 
broken  it  in  pieces.  This  ftone  thus  calcined  is  laid  in 
feverai  heaps  upon  places  furrounded  by  ditches  filled  with 
water.  It  is  fprinkled  with  this  water  three  or  four  times 
each  day  for  forty  days,  or  till  the  calcined  ftone  enters  into 
a  kind  of  effervefcence,  and  is  covered  with  a  reddifh  efflo- 
refcence.  Then  the  ftones  are  boiled  with  water  in  caldrons 
to  difiblve  all  the  alum  which  is  formed,  and  the  water  is 
then  evaporated  to  the  point  of  cryftallization.  This  water 
is  made  to  flow  quite  hot  into  oaken  veffels,  where,  by 
cooling,  a  great  quantity  of  irregular  cryftals  are  formed  of 
a  pale  reddifh  tinge.  In  this  ftate  the  Roman  alum  is  fold. 
It  is  not  in  large  maffes  like  rock-alum,  but  in  lumps  of  the 
frze  of  almonds,  nuts,  or  eggs.  This  alum  is  alio  mixed 
with  much-  reddifh  duft.  I  have  carefully  examined  the 
purity  of  Roman  alum,  and  have  found  it  to  exceed  much 
the  purity  of  rock-alum.  It  contains  no  metallic  or  vitriolic 
matters ;  and  is  therefore  preferred  for  certain  dyes,  the 
beauty  of  which  is  hurt  by  the  fmalleft  quantity  of  martial 
vitriol.    Its  price  alfo  is  greater  than  that  of  rock-alum,  (b) 

Alum  is  very  ufeful  in  feverai  arts,  and  chiefly  in  dying, 
to  which  it  is  eflentially  neceflary,  as  it  heightens  the  in- 
tenllty  and  luftre  of  moft  colors.  It  is  even  abfolutely 
neceflary  to  give  folidity  to  all  thofe  colors  which  refide  in 
gummy  fubftances.  Without  alum,  thefe  dyes  would  be 
only  confufed  ftains,  which  might  be  wafhed  out  by  water. 
See  Dying. 

(I)  A  remarkable  circumftance  attends  the  cryftallization  of 
alum,  namely,  that  good  cryftals  of  this  fait  cannot  be  formed, 
unlefs  an  alkaline  lixivium  or  urine  be  added  to  the  lixivium  of 
alum  when  fet  to  cryftallize.  Chemifts  fuppofed  that  by  adding 
thefe  alkaiinp  matters,  fome  metallic  or  impure  earthy  fubftance 
which  prevented  the  cryftallization  was  precipitated;  but  Mr. 
Margraaf  found  by  experiments  that  he  could  not  form  good 
cryftals  by  combining  vitriolic  acid  with  earth  of  alum,  with  cal- 
cined alum,  or  with  clay,  unlefs  he  added  a  lixivium  of  fixed  or 
volatile  alkali,  or  urine.  He  fuppofes  that  thefe  alkaline  lixi- 
vuims  produce  their  effect  either  by  engaging  a  fuperabundant 
acid,  cr  fome  greafy  matter  which  prevents  the  cryftallization. 

Alum 
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Alum  is  an  aftringent  drug  of  powerful  efficacy ;  con- 
sequently it  is  proper  for  difeafes  where  the  principal  indi- 
cations are  to  fortify  and  conftringe,  as  for  immoderate 
B3enftrual  and  lochia!  difcharges,  lofles  of  blood,  fluor  albus, 
diarrheas,  hemorrhages,  vomitings  of  blood,  and  even  fome 
kinds  of  hemoptoes.  But  it  is  neceflary  to  obfcrve  on  the 
fubjec~t  of  this  remedy,  and  even  of  all  other  aftringents,  that 
they  ought  only  to  be  prefcribed  by  intelligent  phyficians, 
who  can  diftinguifh  whether  or  not  thefe  difeafes  proceed 
from  or  are  accompanied  with  inflammation,  or  too  great 
plenitude  :  for  in  thefe  cafes,  aftringents,  fo  far  from  b^ing 
ufeful,  mull  be  pernicious,  and  increale  the.caufe  of  the 
evil.  Alum  is  improper  in  thefe  maladies,  but  when  it  is 
evident  that  they  proceed  from  a  mere  relaxation,  or  from 
a  rupture  of  the  veflels :  in  thefe  cafes  it  has  excellent 
effects. 

As  alum  is  one  of  the  ftrongeft  aftringents,  and  as  it  is 
even  fomewhat  cauftic,  feveral  intelligent,  phyficians,  as 
Mr.  Cartheufer,  and  Mr.  Baron,  in  his  Notes  on  Lemery's 
Chemiftry,  prohibit  the  internal  ufe  of  it ;  notwithstand- 
ing which  it  is  every  day  ufed  fuccefsfully  in  the  above- 
mentioned  cafes.  However,  it  is  prudent  to  adminifter 
alum  at  firft  in  very  fmall  dofes  only,  as  two  or  three  grains, 
except  in  very  urgent  cafes,  where  it  may  be  given  to  ten  or 
twelve  grains.  It  may  be  given  either  alone,  or  joined 
with  other  aftringent  or  blunting  medicines,  according  to 
the  particular  indications. 

Alum  being  fufceptible  of  decompofition  by  all  alkaline 
and  calcareous  matters,  it  muft  not  be  mixed  with  thefe  fub- 
ftances,  when  intended  to  act.  as  an  aftringent.  Alum  is 
often  ufed  externally  ;  it  conftringes  and  fortifies  confider- 
ably  the  parts  to  which  it  is  applied  :  confequently  it  is  an 
efficacious  repellent,  and  is  ufeful  in  collyriums  and  in 
aftringent  gargarifms.  When  calcined,  its  powder  is 
fprinkled  on  foft  and  fungous  flem,  which  prevents  the 
cicatrifation  of  ulcers.  It  abforbs  their  moifture,  dries  and 
confumes  them. 

ALU  M I  NOUS.  Whatever  contains  alum,  or  par- 
takes of  the  nature  of  that  fait,  is  called  aluminous, 

ALKANET.  (c) 

(c)  Alkanet.  The  cortical  part  of  the  rf^t  of  this  plant, 
which  is  a  kind  of  Buglofs,  contains  a  red  colorific  matter,  capa- 
ble of  being  extracted  by  oils,  by  wax,  and  by  fpirit  of  wine. 
Wax  thus  colored,  applied  to  warm  marble,  leaves  a  red  ftain. 
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ALMONDS,  (d) 
ALOES,  (e) 
ALTHEA.  (f) 

AMALGAM.  This  word  is  applied  to  the  allays  of 
metallic  matters  with  mercury. 

Mercury  being  a  metallic  fubftance  cannot  contract  anv 
union  with  earthy  matters,  not  even  with  the  earths  of 
metals  when  deprived  of  their  phlogifton,  and  their  metallic, 
form.  But  it  is  capable  of  being  allayed  more  or  lefs  eafily 
with  almofc  all  metallic  fubftances. 

As  mercury  is  habitually  fluid  ;  as  it  ought  to  be  confidered 
as  metal  perpetually  in  fufion  ;  and  as  it  is  fuflicient  for 
moft  combinations  that  one  of  the  two  bodies  that  are  to  be 
combined  be  fluid  ;  it  follows  that  without  the  help  of  heat, 
mercury  may  be  amalgamated  with  many  metallic  fub- 
flances.  There  are  two  methods  generally  ufed  of  making 
amalgamas.  The  firft  is  merely  by  trituration,  and  without 
heat.  The  fecond  is  by  fufing  the  metal  which  is  to  be 
amalgamated,  and  by  adding  to  it,  when  fufed,  the  intended 
quantity  of  mercury. 

Metals,  by  their  union  with  mercury,  become  friable  and 
capable  of  being  pulverized,  when  the  mercury  is  only  in 
fmall  quantity.    But  when  the  mercury  is  added  in  larger 

(4)  Almonds,  fauett  and  bitter,  contain  an  expreflible  oil  and 
farinaceous  fubftance.  The  bitter  part  of  bitter  almonds  is  not 
exprefTed  with  the  oil,  but  may  be  difiblved  by  digeftion  in 
aqueous  and  in  fpirituous  liquors,  and  with  thefe  may  be  diftilled. 
Waters  diftilled  from  bitter  almonds,  or  from  moft  other  bitter 
vegetables,  fruits,  and  flowers,  which  have  a  fimilar  flavor  to 
them,  are  poifonous  to  birds,  to  fome  animals,  and  have  fome- 
times  been  fo  to  men. 

(e)  Aloes  is  an  infpiflated  bitter  juice  extracted  from  the 
leaves  of  a  plant  of  the  fame  name.  It  is  partly  gummy,  and 
partly  refinous  ;  and  the  gum  and  refin  are  fo  well  mixed  toge- 
ther, that  moft  of  the  juice  is  foluble  either  in  aqueous  or  fpi- 
rituous  menftruums. 

(f)  Althea,  or  Marjh-mallonv.  Two  ounces  of  the  root  of 
althea  yielded,  with  water,  ten  drams  and  fifty  grains  of  mucila- 
ginous extract ;  and  afterwards,  with  fpirit,  forty-one  grains  of 
refin.  An  equal  quantity  of  that  root  treated  firft  with  fpirit 
gave  fix  drams  of  a  refinous  extracl,  a  confiderable  part  of  the 
mucilage  difibiving  in  that  menftruum  along  with  the  refin.  The 
remainder  boiled  in  water  gave  five  drams  and  forty-eight  grains 
of  pure  mucilage.  The  indiffoluble  earthy  part  was  one-fourth 
part  of  the  root,  and  one  half  of  the  leaves  of  althea.  Neuman. 
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quantities,  the  metals  are  by  it  reduced  to  kinds  of  pafte, 
which  have  no  ductility  nor  tenacity. 

Of  all  metal?,  gold  has  the  grcatelr.  affinity  to  mercury,  and 
unites  with  it  molt  eafily.  For  this  purpofe  nothing  more 
is  requifite  than  that  the  mercury  mould  be  Hightly  rubbed 
on  a  piece  of  gold,  or  that  it  remain  fome  time  in  a  golden 
velTel.  The  furface  of  the  gold  which  has  touched  the 
mercury  becomes  white  as  filver;  and  if  the  gold  is  thin, 
its  confidence  is  deftroyed  in  that  place,  fo  that  it  very  eafily 
breaks.  But  the  amalgamation  of  mercury  with  gold  is 
coniiderably  accelerated  by  dividing  the  gold  into  very  fmall 
parts  or  very  thin  plates.  All  metals  ought  to  be  fo  divided, 
when  they  are  to  be  amalgamated  by  trituration  without 
fujion  or  heat,  (g) 

Silver  may  be  amalgamated  nearly  in  the  fame  manner  as 
gold.  Mr.  Gellert  has  obferved  a  lingular  and  remarkable 
phenomenon  in  this  amalgam,  which  is,  that  its  fpecific 
gravity  is  not  only  greater  than  the  intermediate  fpecific 
gravity  of  the  mercury  and  of  the  filver,  but  that  it  is  even 
greater  than  the  fpecinc  gravity  of  mercury,  although  filver 
be  greatly  lighter.    See  Silver  and  Mercury. 

Mr.  Gellert  afcertained  this  fact,  not  only  by  obferving 
that  the  amalgam  of  filver  finks  to  the  bottom  of  a  velTel 
containing  mercury,  but  alfo  by  the  exacteft  hydrofratical 
experiments.    See  his  Metallurgic  Chemijhy^  Tom.  I. 

The  amalgams  of  gold  and  filver,  and  particularly  the 
flrft,  are  much  ufed  for  the  feparation  of  thefe  two  metals 
from  their  ores,  or  rather  from  the  earthy  and  ftony  matters 
with  which  they  are  mixed.  See  Ores  of  Gold,  and  of 
Silver.  Thefe  amalgams  are  alfo  ufed  for  fome  kinds  of 
gilding  and  ftlvering.  See  thefe  two  words.  The  amalgam  of 
filver  is  alfo  employed  for  the  Arbor  Diana.    See  Arbor 

DlANJE. 

(g)  As  an  amalgam  of  gold  is  much  ufed  for  gilding  metals, 
we  mall  mention  that  the  plates  or  grains  of  that  metal  may  be 
more  eafily  and  perfectly  amalgamated  by  applying  them  red- 
hot  to  the  mercury,  which  ought  alfo  to  be  previoufly  heated  till 
it  begins  to  fmoke,  and  by  ftirring  the  mixture  with  an  iron  red 
till  the  gold  difappears,  which  will  be  very  foon.  When  the 
quantity  of  mercury  is  fo  large  that  the  mafs  is  fluid  when  cold, 
the  fuperfluous  part  of  it  may  he  feparated  by  paffing  it  through 
foft  leather  :  this  contains  a  very  fmall  portion  of  gold.  The  re- 
maining amalgam  has  the  confiftence  of  butter,  and  contains 
about  one  part  of  mercury  to  two  parts  of  gold,  but  is  nearly  as 
white  as  filver. 
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The  amalgamation  of  all  metals  with  mercury  is  much 
facilitated  by  heat.  But  the  amalgamation  of  thofe  metals 
which  unite  difficultly  with  mercury  cannot  be  effected  with- 
out heat.  For  this  purpofe,  the  mercury  ought  to  be  heat- 
ed till  it  begins  to  rile  in  vapors ;  and  the  metals  of  difficult 
fufion,  which  we  fuppofe  to  have  been  previouily  divided 
into  fmall  parts,  ought  to  be  made  red  by  lire,  and  quickly 
triturated  with  the  hot  mercury.  As  to  the  metals  which 
melt  before  they  become  red,  fuch  as  tin  and  lead,  it  is 
fumcient  to  melt  them,  and  to  throw  the  mercury  upon 
them,  ftirring  a  little  the  mixture  :  and  thus  the  amalgam 
is  made  in  an  inftant. 

It  would  be  very  imprudent  to  melt  metals  which  require 
a  great  heat  for  their  fufion,  as  copper,  for  inftance,  and 
to  add  mercury  to  this  melted  metal,  with  an  intention  to 
make  an  amalgam  j  becaufe  not  only  the  greateft  part  of 
the  mercury  would  be  dimpated  in  vapors  before  it  could  be 
united  to  the  metal,  but  alfo  becaufe  there  would  be  great 
danger  of  explofion  from  the  mercury,  which  being  a  rarefia- 
ble  and  volatile  body,  is  capable,  like  all  fuch  bodies,  of  pro- 
ducing this  erTe£t,  when  fuddenly  expofed  to  too  great  heat. 

Mercury  amalgamates  difficultly  with  copper,  more  diffi- 
cultly with  regulus  of  antimony,  not  at  all  with  iron  (h)y 
nor,  as  Mr.  Gellert  fays,  with  cobalt.  But  with  all  the 
other  metals  and  femi-metals  it  may  be  eafily  amalgamated. 

The  amalgam  of  mercury  with  tin  is  much  ufed  for 
covering  one  of  the  furfaces  of  mirrors,  and  thus  ren- 
dering them  capable  of  reprefenting  images  more  fenfibly 
and  perfectly.  See  Tinning  of  Looking-Glasses. 
This  amalgam  is  alfo  ufed  for  the  preparation  of  mercury- 
balls,  intended  to  purify  water.    See  Balls  (Mercury). 

Bifmuth  when  amalgamated  with  mercury  has  the  fingular 
property  of  fo  attenuating  lead  added  to  this  amalgam,  that 
a  great  part  of  this  metal  may  be  pafTed  through  leather 
along  with  the  mercury.    Mr.  Cramer  advifes,  in  order  to 

(h )  Dr.  Lewis  obferves,  that  mercury  adheres  to,  and  coats 
the  ends  of  iron  peftles  ufed  for  the  trituration  of  amalgams,  and 
that  a  plate  of  tough  iron  may  be  rendered  brittle  by  keeping  it 
immerfed  in  mercury  during  fome  days.  Hence  he  infers,  that 
mercury  is  not  incapable  of  acting  upon  iron.  But  as  mercury 
has  been  found  not  to  rife  fo  high  in  barometrical  tubes  made  of 
iron,  as  in  thofe  made  of  glafs,  have  we  not  reafon  to  believe  that 
thefe  metallic  fubilances  poflefs  a  power  of  repelling  each  other  ? 
See  the  Hijl.  de  PAcad.  Roy  ale  des  Sciences,  pour  1 7 1 6. 
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make  this  experiment  fucceed,  to  melt  the  lead  firft  with 
the  bifmuth,  and  to  this  mixture  to  add  the  mercury.  He 
further  fays,  that  if  this  amalgam  be  digefted  feveral  days, 
the  bifmuth  will  be  feparated,  and  will  leave  the  attenuated 
lead  united  to  the  mercury. 

Regulus  of  antimony  can,  as  was  faid  above,  very  dif- 
ficultly be  united  with  mercury.  Mr.  Gellert  fays,  that 
to  make  this  amalgam  fucceed,  the  regulus  ought  to  be  put 
into  hot  mercury,  and  the  whole  covered  with  water.  But 
that  when  the  regulus  of  antimony  has  been  prepared  by 
means  of  iron,  or  an  alkaline  earth,  this  amalgam  may  be 
made  much  better,  fo  that  the  regulus  lhall  not  feparate,  after 
landing  fome  time,  from  the  mercury,  as  it  ufually  does. 

The  affinities  of  metallic  fubftances  with  mercury  arc 
placed,  according  to  Mr.  Geoffroy,  in  the  following  order: 
gold,  filver,  lead,  copper,  zinc,  regulus  of  antimony. 

According  to  Mr.  Gellert's  Table,  they  are,  gold,  filver, 
bifmuth,  zinc,  tin,  lead,  copper,  regulus  of  antimony. 

As  the  amalgams  of  mercury  are  true  allays  of  metallic 
fubftances,  all  the  general  properties  of  allays  are  applica- 
ble to  them.    See  Allay. 
AMBER.    See  Bitumen. 

AMBERGRISE.  Isa  fubftance  of  a  grey  color,  which 
moft  chemifts  and  naturalifts  have  claffed  amoneft  bitumens, 
rather  from  its  properties  and  the  principles  it  yields  by 
diftillation,  than  from  any  certain  knowledge  of  its  origin. 
For  it  does  not  appear  that  any  truly  foffil  ambergrife  is 
known,  and  that  any  is  found  in  commerce,  but  what  is 
procured  from  the  Indian  fea,  upon  which  it  floats  in  the 
neighbourhood  of  the  Molucca  iflands. 

Mr.  Cartheufer  thinks  that  ambergrife  ought  certainly 
to  be  confidered  as  a  bitumen ;  and  he  is  determined  to  this 
opinion  from  the  analyfes  made  of  it  by  feveral  chemifts, 
and  particularly  by  Neuman.  From  which  analyfes  it  ap- 
pears, that  the  fame  principles  were  obtained  from  amber- 
grife as  from  amber,  that  is  to  fay,  phlegm,  a  volatile  acid, 
partly  fluid  and  partly  folid,  oil,  and  a  little  coaly  mat- 

K-  0) 

Befides, 

(i)  The  origin  of  ambergrife  is  very  uncertain.  Many  natu- 
ralifts  have  confidered  it  as  a  foffil  bitumen  ;  fome  as  an  excre- 
ment of  whales;  and  from  a  late  diflection  of  a  crocodile,  in  the 
tefticies  of  which  a  French  furgeon  perceived  a  fmell  refembling 
that  of  ambergrife,  it  has  been  fuppofed  to  be  the  feminal  fluid 
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Befides,  ambergrife  is  nearly  as  difficultly  foluble  as  am- 
ber and  other  bitumens  in  different  menftruums  :  but  it 
differs  from  amber  in  this,  that  it  is  much  fofter,  is  not 
fmooth,  nor  is  capable  of  taking  a  polifh.  Further,  it  is 
not  tranfparent,  and  it  is  capable  of  fufion.  The  heat  of 
the  hands  alone  is  fufficient  to  foften  it  like  wax.  It 
alfo  leaves  much  lefs  coaly  refiduum  than  amber,  after 
diftillation.  All  thefe  properties  denote  that  ambergrife  is 
much  more  oily  than  amber. 

The  agreeable  fmell  of  ambergrife  renders  it  ufeful  in 
perfumes.  Mufk  however  is  always  joined  with  it,  or  fub- 
Jtityted  for  it  -f  not  becaufe  mufk  is  cheaper,  for  it  alfo  is 
very  dear,  but  becaufe  its  fmell  is  greatly  ftronger,  and  goes 
farther  in  the  preparation  of  perfumes. 

Ambergrife  is  alfo  ufeful  in  medicine.  It  has  the  fame 
general  virtues  as  all  the  odoriferous  fubflances,  from  the 
fpiritus  rector  or  highly  attenuated  and  volatile  oil,  which 
is  the  principle  of  their  fmell.  It  enters  into  the  compo- 
fition  of  many  cordial,  fudorific,  and  alexiterial  waters.  It 
is  alfo  faid  to  be  a  venereal  ftirfiulant.  But  its  chief  virtue 
confifts  in  its  antifpafmodic  and  fedative  qualities  fimilar  to 
thofe  of  mufk  and  caftor,  and  in  its  power  of  relieving  cer- 
tain hyfterical,  convulfive,  and  other  nervous  affections. 
It  may  be  taken  inwardly  from  half  a  grain  to  ten  or  twelve 
grains  or  more.  For,  as  to  dofes,  there  can  be  no  fixed 
rules  about  remedies  and  difeafes  of  thefe  kinds. 

AMMONIAC  (SALT).  All  neutral falts compofed 
of  any  acid  faturated  with  volatile  alkali,  may  be  called 
ammoniac  falts.  But  the  name  Sal-ammoniac  is  more  efpe- 
cially  appropriated  to  the  neutral  fait  refulting  from  the 
union  of  the  acid  of  common  fait  with  volatile  alkali.  All 
the  other  ammoniacal  falts  are  fpecified  by  particular  epi- 
thets, as  vitriolic  ammoniacal  fait,  nitrous  ammoniacal fait,  and 
vegetable  ammoniacal  fait*  We  fhall  fpeak  fucceffively  cf  thefe 
feveral  falts. 

All  ammoniacal  falts  have  the  general  properties  of  neutral 
falts,  compofed  of  acids  and  alkalis.    Bu£  they  differ  from 

of  that  animal  condenfed  by  heat.  M.  Francheville,  in  a  difTer- 
tation  on  ambergrife,  thinks  that  the  moft  probable  opinion 
which  has  been  fuggefted  concerning  the  origin  of  ambergrife,  is, 
that  it  is  a  compound  of  honey  and  wax,  which  has  been  depo- 
fited  by  bees  among  the  rocks  that  fkirt  the  iflands  in  the  Eaftern 
Seas,  and  is  afterwards  dried  by  the  heat  of  the  fun,  and  difen~ 
gaged  from  the  rocks  by  the  wind. 
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the  neutral  falts  whofe  bafes  are  fixed  alkalis,  by  their 
more  pungent  tafte,  which  proceeds  from  the  lefs  adhefion 
of  acids  in  general  with  volatile  alkali  than  with  fixed  al- 
kali ;  in  the'fecond  place,  by  their  lefs  fixity,  all  the  am^ 
nioniacal  falts  being  femi-volatile,  that  is,  capable  of 
fubliming  to  a  certain  height,  when  expofed  to  a  ftrong 
enough  fire.  This  property  proceeds  from  the  volatility  of 
their  alkaline  bafes.  Laftly,  ammoniacal  falts  are  fufcep- 
tible  of  decompofition  by  many  fubftances  not  capable  of 
producing  the  fame  'effeft  on  neutral  falts  whofe  bafes  arc 
fixed  alkali ;  as  we  mall  fee  by  a  more  particular  examina- 
tion of  the  properties  of  thefe  falts. 

The  mod  generally  known  and  ufed  ammoniacal  fait  is 
that  which  contains  the  acid  of  common  fait.  This  fait, 
when  very  pure,  is  very  white,  femitranfparent,  capable  of 
forming  feather-like  cryftals,  or  of  fubliming  in  clofe  veflels 
into  a  compact  ftriated  mafs. 

This  fait  is  eafily  foluble  in  water.  It  deliquiates  into  a 
liquor  when  expofed  fome  time  to  a  moift  air.  It  is  one 
of  the  falts  which  produce  the  moft  cold  during  their  folu- 
tion  in  water.  This  generation  of  cold  is  fo  great  as  to 
fink  the  thermometer  eighteen  or  twenty  degrees,  and  even 
more,  according  to  the  temperature  of  the  atmofphere.  It 
appears  that  the  hotter  this  temperature  is,  the  greater  cold 
is  generated,  which  proceeds  from  the  greater  and  quicker 
folubility  of  this  fait  in  warm  than  in  cold  water.  Mr. 
Gellert  [Metallurgic  Chemijlry7  torn,  i.]  fays,  that  if  any 
gum  or  refin  be  boiled  in  water  impregnated  with  fal-am- 
moniac,  thefe  fubftances  will  be  dilTolved  in  it.  It  is  not 
furprizing  that  gums  mould  be  thus  diflblved,  confidering 
that  water  is  their  proper  menftruum.  But  as  pure  water 
does  not  at  all  attack  refms,  their  folution  in  Mr.  Gellert's 
experiment  muft  proceed  from  the  fal-ammoniac. 

Sal-ammoniac  cannot  be  decompofed  merely  by  the  ac- 
tion of  fire  in  clofe  veflels  ;  becaufe  it  then  entirely  fublimes, 
as  we  have  already  obferved.  To  decompofe  it,  therefore, 
we  muft  employ  fome  intermediate  fubftance  capable  of 
difengaging  either  its  acid  or  its  alkali. 

The  acids  having,  from  their  feveral  affinities,  the  fame 
relations  to  volatile  alkali  as  they  have  to  fixed  alkali,  (See 
Alkali  Volatile)  it  follows  that  fal-ammoniac  ought 
to  furnifli  the  fame  phenomena  of  decompofition  by  the 
vitriolic  and  nitrous  acids,  as  common  fait  does.  Thefe 
two  acids  then  are  capable  of  decompofing  fal-ammoniac, 
by  feparating  its  acid,  which  pafles  alone  in  diftillation, 

and 
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and  by  uniting  themfelves  with  the  volatile  alkali,  with 
which  the  firft  forms  a  vitriolic  ammoniacal  fait,  and  the 
fecorid  a  nitrous  ammoniacal  fait. 

It  is  proper  to  obferve  upon  the  decompofition  of  faU 
ammoniac  by  nitrous  acid,  i.  That  the  marine  acid  does 
not  rife  fingly  in  diftillation,  but  is  always  accompa- 
nied with  a  good  deal  of  nitrous  acid,  which  rifes  in  con- 
sequence of  its  volatility,  and,  together  with  the  marine 
acid  di (engaged  from  the  fal-ammoniac,  forms  an  aqua  regia. 
2.  That  in  this  operation  great  management,  flownefs, 
and  precautions  are  neceflary,  particularly  if  fmoking  fpirit 
of  nitre  be  employed ;  becaufe  the  vapors  which  pafs  are 
more  expanfible,  and  lefs  condenfible  than  the  pure  vapors 
of  the  nitrous  or  of  the  marine  acids,  which  difference 
undoubtedly  proceeds  from  the  reaction  of  thefe  two  acids 
upon  each  other.  3.  That  it  is  very  neceflary  to  attend 
carefully  to  the  fire  towards  the  end  of  the  diftillation,  and 
when  the  matter  remaining  in  the  retort  begins  to  be  dry  ; 
becaufe  it  is  a  nitrous  ammoniacal  fait,  which  has  the  pro- 
perty of  detonating  alone,  and  with  little  heat.  Prudence 
therefore  requires  that  the  diftillation  be  not  pufhed  to  per- 
fect drynefs.  There  is  fcarcely  any  operation  in  chemiftry 
lb  liable  to  an  explofion  as  this  is.  See  Ammoniac  (Ni^- 
trous  Salt). 

Sal-ammoniac  is  alfo  capable  of  decompofition  by  many 
fnbftances,  which,  by  uniting  with  its  acid,  fet  at  liberty 
its  volatile  alkali. 

'  Thefe  fubftances  are  calcareous  earths,  quicklime,  fixed 
alkalis,  and  metallic  matters.  The  mo  ft  elTential  pheno- 
mena which  this  fait  exhibits,  when  treated  by  thefe  dif* 
ferent  matters,  are  the  following  : 

If  powdered  fal-ammoniac  be  mixed  with  twice  its  weight 
of  any  calcareous  earth,  of  chalk  for  example,  alfo  powder- 
ed, and  the  mixture  be  diftilled  with  a  proper  apparatus, 
(See  Distillation)  a  large  quantity  of  volatile  alkali  will 
pafs  into  the  receiver,  in  a  concrete  form,  very  white  and 
very  beautiful,  lining  all  the  infide  of  the  receiver ;  and 
when  the  operation  is  over,  we  mail  find  in  the  retort  a 
mafs  containing  all  the  acid  of  the  fal-ammoniac,  engaged 
and  retained  in  the  calcareous  earth  :  if  confequently  this 
caput  mortuum  be  lixiviated,  in  order  to  difiblve  all  its 
ialine  part,  we  fhall  find  that  this  lixivium  is  impregnated 
with  much  marine  fait  with  earthy  bafis.  See  for  the  pro- 
perties of  this  fait  Acid  (Marine),  and  Salt  (Marine) 
with  Earthy  Basis. 

In 
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In  this  operation  a  true  decompofition  happens  of  thd 
fal-ammoniac  by  the  intervention  of  the  calcareous  earth. 
Mr.  Duhamel  feems  to  have  been  the  rirfl  who  difcovered 
and  publifhed  this  decompofition.  He  has  obferved,  that 
the  volatile  alkali  of  the  fal-ammoniac,  when  it  difengages 
itfelf  in  this  operation,  carries  off  with  it  a  part  of  the  cal- 
careous earth.  We  fhall  foon  fee  that  it  alfo  carries  off  part 
of  other  fubihmces  employed  to  difengage  it. 

Mr.  Beaume,  who  has  fince  repeated  this  experiment 
with  his  ufual  accuracy,  and  in  great  quantities,  has  ob- 
ferved, that  a  quantity  of  volatile  alkali  may  be  obtained 
by  this  diftillation  equal  in  weight  to  the  fal-ammoniac 
employed,  although  it  be  certain,  that  there  is  nearly  as 
much  marine  acid  as  volatile  alkali  contained  in  fal-am- 
moniac. (k) 

This  fait  treated  with  quicklime  is  ftill  more  eafily  de- 
compofed  than  with  uncalcined  calcareous  earth.  To  make 
this  decompofition,  and  to  obtain  the  volatile  alkali,  pow- 
dered fal  ammoniac  mud  be  quickly  mixed  with  twice  its 
weight  of  quicklime,  ilaked  by  expofure  to  air,  and  the  mixture 
muft  be  quickly  put  into  a  great  ftone-ware  retort,  to  which 
a  receiver  mud  be  immediately  luted.  See  Distillation. 
The  a£ion  of  the  quicklime  upon  the  fal-ammoniac  is  fo 
quick,  that  a  good  deal  of  volatile  alkali  is  difengaged  as 

(k)  Mr.  Duhamel  and  other  authors  have  attributed  this  great 
encreafeof  weight  gained  by  volatile  alkali,  during  its  feparation 
from  the  marine  acid  in  the  decompofition  of  fal  ammoniac,  by 
intervention  of  chalk,  or  other  mild  calcareous  earth,  or  mild 
fixed  alkali,  to  part  of  the  fubitance  of  the  earth,  or  fixed  alkali, 
being  carried  along  with  the  volatile  alkali.  But  the  fubitance 
which  volatile  alkali  does  receive  from  thefe  intermediate  matters 
is  not,  as  thefe  authors  have  fuppofed,  earthy,  or  alkaline,  but 
is  the  gas  or  fixable  air  which  is  feparated  from  them,  when  they 
combine  with  the  acid  of  the  fal  ammoniac.  In  this  operation, 
therefore,  we  have  an  inftance  of  what  our  author  calls  double 
ajjjmty  ;  {See  Affinity)  the  acid  of  the  fal  ammoniac  combining 
with  the  earthy  part  of  the  chalk,  or  with  the  faline  part  of  the 
mild  alkali ;  and  the  volatile  alkali  of  the  fal  ammoniac  combining 
at  the  fame  time  with  the  gas  of  the  chalk,  or  of  the  mild  alkali. 
That  this  addition  of  gas  to  the  volatile  alkali  is  fufficient  to 
render  its  weight  equal  to  that  cf  the  fal  ammoniac  employed, 
appears  from  Mr.  Cavendifh's  experiments,  which  (hew,  that 
more  than  the  half  of  the  weight  of  mild  volatile  alkali  U  his, 
Ste  Gas,  and  Alkali  (  Volatile). 
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(oon  as  the  two  matters  are  mixed  together,  which  obliges 
the  operator  to  take  care  not  to  expofe  himfelf  to  breathe 
the  vapors.  The  heat  muft  be  alfo  attended  to  in  this  diftil- 
lation,  particularly  at  the  beginning  $  becaufe  then  it  is  per- 
formed almoft  without  fire. 

It  is  very  remarkable  that  volatile  alkali,  prepared  by 
intervention  of  quicklime,  never  is,  nor  can  be  obtained  in 
a  concrete  form,  by  any  method.  It  is  always  liquid,  and 
is  called  volatile  fpirit  of fal-ammoniac.  It  is  evident  that  it 
is  by  means  of  the  water  contained  in  a  large  quantity  in 
the  flaked  lime,  and  in  which  the  volatile  alkali  is  diflolved, 
that  it  thus  appears  in  a  liquid  ftate ;  but  it  is  certain  that 
this  faline  matter  fo  ftrongly  adheres  to  this  water,  that  it 
cannot  be  feparated  without  fome  intermediate  fubftance  ; 
and  that,  on  the  other  fide,  this  fame  water  is  fo  necefTary 
to  its  feparation  from  the  marine  acid  by  the  intervention 
of  the  lime,  that  Mr.  Duhamel  could  not  obtain  volatile 
alkali  by  trying  to  3decompofe  fal  ammoniac  with  quick- 
lime, in  the  ftate  it  is  in  when  newly  calcined,  and  ftill 
hot  from  the  kiln,  and  confequently  perfectly  dry.  (I) 

This  volatile  alkali,  although  it  be  diffufed  in  much  wa- 
ter, is  ftill  more  active  and  more  penetrating  than  that 
which  is  obtained  by  the  intervention  of  other  fubftances  in 
a  dry  and  concrete  ftate.  Mr.  Beaume  has  obferved,  that 
the  volatile  fpirit  of  fal-ammoniac  made  with  quicklime, 
v/hen  poured  into  a  folution  of  any  fait  with  earthy  balls, 
does  not  produce  the  fame  effects  as  the  fame  alkali  of  fal- 
ammcniac  which  has  been  difengaged  by  calcareous  earths 
or  fixed  alkalis,  and  which  may  always  be  procured  in  a 
concrete  ftate;  as  this  latter  volatile  alkali  eafily  decom- 
pofes  thefe  falts  with  earthy  bafes,  and  occafions  a  copious 
white  precipitate  to  fall  from  their  folutions,  while  the 

(I)  The  volatile  alkali  obtained  by  this  procefs  is  cauflic  or 
uncombined  with  gas,  and  is  therefore,  as  we  have  obferved  under 
the  article  Vol  An  le  Alkali,  always  in  a  liquid  ftate.  This 
liquid  volatile  alkali  may  alfo  be  obtained  by  employing  cauitic 
fixed  alkali  inltead  of  the  quicklime.  From  Mr.  Duhamels  ex- 
periment mentioned  in  the  text,  by  which  he  found  that  volatib 
alkali  could  net  be  obtained  in  this  procefs,  unlefs  water  was 
combined '  with  the  quicklime,  it  appears  probable,  that  this 
operation  alfo  is  an  instance  of  double  affinity,  and  differing  only 
from  the  former  operation  in  this  refped  ;  that  in  this  procefs 
the  volatile  alkali  receives  water,  and  in  the  former  it  receives 
gas,  from  the  calcareous  earth.    See  the  loft  Note. 

1  former 
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former  does  not  appear  to  produce  any  effecl:,  but  only  oc- 
cafions  a  very  light  whitim  cloud.  ( m) 

Thefe  differences  prove  that  a  lingular  alteration  is  pro- 
duced upon  volatile  alkali  by  quicklime  j  and  this  altera- 
tion is  probably  caufed  by  the  quicklime  depriving  it  of 
part  of  its  inflammable  principle  by  help  of  which  it  feems 
cryftallizable,  and  confequently  by  a  partial  decompofition 
of  it.  Another  phenomenon,  no  lefs  important,  fupports 
this  opinion ;  which  is,  that  if  volatile  fpirit  of  fal-am- 
moniac  be  frequently  diftilled  from  new  quicklime  each 
time,  we  may  eafily  perceive  that  there  is  a  confiderable 
quantity  of  it  entirely  decompofed  by  each  diftillation  ;  and 
that,  on  the  other  fide,  if,  as  Mr.  Duhamel  did,  we  lixi- 
viate quicklime  in  a  large  quantity  of  water,  till  it  makes 
no  longer  cream  of  lime,  nor  has  the  properties  of  quick- 
lime ;  and  if  the  lime  thus  decalcined,  and  reduced  to  the 
frate  of  mere  calcareous  earth,  be  employed  for  the  de- 
compofition of  fal-ammoniac,  we  fhall  then  obtain  a  con- 
crete volatile  alkali,  as  if  a  calcareous  earth  had  been  ufed, 
which  had  never  been  calcined.    See  Quicklime,  (n) 

When  fal  ammoniac  is  decompofed  by  the  intervention  of 
quicklime,  a  faline  earthy  matter  is  found  in  the  retort : 
that  is,  a  part  of  the  quicklime  above  what  was  neceffary  for 
the  decompontion,  and  another  part  faturated  with  the  acid 
of  fal  ammoniac,  and  forming  a  fort  of  fea-falt  with  earthy 
bafis,  which  feems  to  be  fimilar  to  that  fait  formed  by- 
uniting  marine  acid  with  an  uncalcined  calcareous  earth, 
but  which  ought  to  differ  from  it  in  many  refpcfte,  and  par- 
ticularly by  a  ftronger  adhefion  of  the  acid  to  the  quick- 
lime, (o)    This  fait,  when  dry,  is  called  improperly  fixed 

fal 

(m)  Cauftic  or  uncombined  volatile  alkali  does  not  precipitate 
calcareous  earths  from  acids ;  becaufe  its  power  of  combination 
with  acids  does  not  feem  to  be  itronger  than  that  of  thofe  earths. 
But  mild  volatile  alkali  acts  upon  falts  with  bafes  of  calcareous 
earth,  by  what  our  author  calls  double  affinity ;  that  is,  it« 
alkaline  part  combines  with  the  acid  of  thofe  falts,  while  its  gas 
combines  with  the  calcareous  eardi. 

(n)  Mr.  Duhamel  evidently  reduced  his  quicklime  to  mild 
calcareous  earth,  that  is,  combined  it  with  gas ;  we  need  not, 
therefore,  wonder  that  the  volatile  alkali  which  he  obtained  was 
alfo  mild,  or  combined  with  that  gas. 

(o)  1  he  fait  formed  by  decompoling  fal  ammoniac  with  quick- 
lime is  precifely  the  fame  as  the  fait  formed  by  uniting  marine 
acid  with  uncalcined  calcareous  earth  :  for  the  acid,  uniting  with 

uncal- 
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fnl  ammoniac ,  and  when  deliquiated  into  a  liquor,  it  is  called 
oil  of  lime,  or  liquid  Jhell. 

Fixed  alkali,  either  vegetable  or  mineral,  eafily  decom- 
pofes  fal  ammoniac,  and  feparates  from  it  by  diftillation  the 
volatile  alkali  in  a  concrete  ftate,  if  there  be  little  or  no 
water  in  thefe  matters  :  but  if  thefe  matters  contain  water, 
or  if  water  be  defignedly  added,  the  alkali,  which  is  more 
volatile  than  the  water,  pafTes  firft,  partly  in  a  concrete 
ftate,  then  the  water  which  rifes  diftblves  it  wholly  or 
partly,  according  to  the  quantity  of  water,  and  it  is  thus 
reduced  to  a  liquid  ftate.  Mr.  Duhamel  obferves,  that  in 
this  diftillation  alfo  the  volatile  alkali  carries  off  with  it  a 
portion  of  the  fixed  alkali  which  is  employed  to  difengage 

The  fait  remaining  in  the  retort  after  this  diftillation,  is 
common  fait,  entirely  fimilar  to  ordinary  fea-falt,  if  the 
fixed  alkali  employed  was  the  mineral  alkali ;  and  fimilar  to 
regenerated  fea-falt,  or  fait  of  Sylvius,  if  the  vegetable  fixed 
alkali  was  employed.    See  Salt  (Common). 

Moft  metallic  fubftances  alfo  acl:  upon  fal  ammoniac,  and 
are  capable  of  decompofing  it. 

Silver,  copper,  iron,  tin,  lead,  and  mercury,  well  mixed 
with  this  fait,  and  diftilled  together,  difengage  its  volatile 
alkali.  The  femimetals  alfo  produce  the  fame  effecr.  After 
the  diftillation  is  finifhed,  the  metal  is  found  combined  with 
the  acid  of  fal  ammoniac.  This  filver  becomes  luna  cornea^ 
and  lead  becomes  plumbum  corneum.  In  this  manner  Mr. 
Margraaf  prepared  his  plumbum  corneum  which  he  employed 
in  his  operation  for  phofphorus.  See  Plumbum  Corneum  ; 
and  Phosphorus. 

A  remarkable  thing  occurs  in  this  decompofition  of  fal 
ammoniac  by  lead,  for  which  Mr.  Margraaf  requires  a  calx 
of  lead,  fuch  as  minium,  rather  than  lead  itfelf,  for  the  con- 
veniency  of  the  mixture ;  which  is,  that  the  volatile  alkali 
v/hich  pafTes  over  in  the  diftillation,  although  very  ftrong 
and  much  dephlegmated,  is  always  in  a  liquid  or  fluor  ftate, 
which  mews,  that  upon  this  occalion,  as  in  many  others, 
metallic  calces  produce  the  fame  effecl:  as  quicklime. 

As  to  mercury,  it  very  certainly  decompofes  fal  ammoniac, 
and  feparates  its  volatile  alkali.  But  if  more  fal  ammoniac 
was  added  than  the  mercury  can  decompofe,  this  undecom- 

uncalcined  calcareous  earth,  deprives  it  of  its  gas,  and  reduces  it 
to  the  fame  ftate  in  which  the  calcined  earth,  or  quicklime  is. 
(p)  See  the  note  (k) 
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pofed  £art  of  the  fait  remains  united  with  the  combination  of 
marine  acid  with  mercury,  and  cannot  by  cryftallization  or 
iublimation  be  feparated  from  thence.  This  fact  has  been 
afcertained  by  Mr.  Macquer ;  of  which  a  detail  is  given  in 
his  Memoir  upon  the  Count  de  la  Garaye's  Tinclure  of  Mercury, 
printed  in  the  collection  of  the  Academy  of  Sciences  in  the 
year  1755. 

Junker  fays,  that  regulus  of  antimony  treated  with  fal 
ammoniac  difengages  the  volatile  alkali,  and  is  converted 
into  butter  of  antimony. 

It  is  proper  to  obferve  on  this  occafion  of  the  decom- 
pofition  of  fal  ammoniac  by  earthy  and  metallic  fubftances, 
which  unite  with  its  acid  and  difengage  its  volatile  alkali, 
that  as  the  volatile  alkali  thus  difengaged  is  capable  of  fepa- 
rating  in  its  turn  all  thefe  fame  fubftances  united  to  an  acid, 
and  even  to  the  marine  acid,  there  feems  to  be  fomething 
contradictory  in  the  affinities  of  volatile  alkali,  and  of 
earthy  and  metallic  fubftances.  Mr.  Baron,  in  his  Memoir 
upon  Borax,  and  Mr.  Macquer,  in  his  Elements  of  Practical 
Chemiftry,  explain  thefe  efFe£ls  in  a  plaufible  manner,  by 
the  great  difference  of  the  fixity  and  volatility  of  thefe  fub- 
ftances. It  appears  neverthelefs  that  the  fubject  is  ftill 
fomewhat  obfcure,  and  requires  a  more  particular  examina- 
tion. 

If,  inftead  of  mixing  with  fal  ammoniac  fufncient  quan- 
tities of  copper,  iron,  and  even  of  moft  other  metals,  and 
with  proper  circumftances  for  the  decompofition,  thefe  metals 
were  employed  in  a  fmalier  quantity,  and  that  the  heat  was 
immediately  raifed  fufficiently  intenfe  for  fublimation,  the 
fal  ammoniac  would  then  be  obtained  fublimed,  or  flowers 
of  undecompofed  fal  ammoniac  would  be  raifed,  containing 
fome  part  of  the  metals.  By  this  method  fome  chemical  pre- 
parations or  medicines  are  made,  which  are  named  from  the 
metals  employed.  Thus  flowers  of  fal  ammoniac  impreg- 
nated with  copper  are  called  ens  veneris-,  thofe  impregnated 
with  iron,  are  called  martial  flowers  of  fal  am?no?iiac^  or  mar- 
tial flowers^  or  ens  martis.    See  thefe  words. 

7  here  are  alfo  other  properties  of  fal  ammoniac  which 
ought  to  be  mentioned  here. 

This  is  one  of  thofe  falts  which  are  foluble  in  fpirit  of 
wine.  Mr.  Macquer,  in  the  above  quoted  memoir,  has 
determined  that  thirty- two  parts  of  well  rectified  fpirit  of 
wine  are  necefTary  for  the  folution  of  one  part  cf  fal  ammo- 
niac. 
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Sal  ammoniac  acts  confiderably  on  mercury  fublirriate 
corrofive.  It  diflblves  this  fait  and  unites  with 'it,  without 
producing  the  decompoiition  of  either  of  the  falts.  From 
the  union  of  thefe  two  falts,  a  mixed  fait  is  produced  which 
chemilts  have  called  Salt  Alembroth.    See  this  word. 

Sal  ammoniac  is  employed  advantageoufly  in  many  arts. 
It  is  particularly  ufeful  in  the  tinning  of  copper  and  iron. 
See  Tinning.  It  is  alfo  employed  in  the  fufion  of  gold  5 
becaufe  it  has  been  obferved  to  exalt  and  heighten  the  color 
of  that  metal. 

If  fal  ammoniac  be  treated  with  nitre  in  a  crucible,  and 
with  a  red  heat,  the  nitre  is  obferved  to  deflagrate  to  a  cer- 
tain point.  This  phenomenon  proceeds  from  the  inflam- 
mable matter  which  enters  into  the  compofition  of  the 
volatile  alkali,  which  is  tke  bafis  of  the  fal  ammoniac.  It 
is  alfo  this  fame  inflammable  principle  which  produces  the 
good  effects  of  fal  ammoniac  in  the  tinning  of  metals. 

Sal  ammoniac  is  found  ready  formed  in  vulcanos,  or  in 
their  neighbourhood.  It  is  called  native  fal  ammoniac  ;  but 
it  is  in  too  fmall  quantity  to  furnifh  the  demands  of  artifts. 
The  fal  ammoniac  fold  in  commerce  is  made  in  great  manu- 
factories for  this  purpofe. 

The  method  of  manufacturing  fal  ammoniac  was  long 
unknown.  Mr.  Le  Maire  and  Mr.  Granger  were  the  firrt 
who  explained  the  procefs,  in  very  circumftantial  memoirs 
upon  this  fubject  communicated  to  the  Academy  of  Sciences. 
An  extract  of  thefe  memoirs  may  be  found  in  Mr.  Macquer's 
Elements  of  Practical  Chcmiftry ;  for  which  reafon,  we  will 
only  briefly  mention,  that  in  Egypt,  where  molt  of  the  fal 
ammoniac  is  made  which  is  in  commerce,  foot  is  em- 
ployed for  this  purpofe,  which  is  produced  by  burning  the 
dung  of  cows  and  camels,  which  are  the  ordinary  fuels  of 
that  country.  This  foot  is  put  into  large  glafs  veflfels 
arranged  near  each  other  in  oblong  furnaces.  The  fire  is 
raifed  gradually,  that  all  the  volatile  principles  of  the  foot 
may  be  driven  off ;  then  the  fire  is  encreafed  towards  the 
end,  by  which  the  fal  ammoniac  is  fublimed,  the  materials 
of  which  were  contained  in  the  foot ;  the  glafs  veffels  are 
then  broken  to  get  out  the  loaves  of  fal  ammoniac,  which 
are  formed  upon  the  upper  interior  parts  of  the  glafs  veflels. 
Thefe.  loaves  or  cakes,  as  they  are  found  at  the  mops  of 
druggifts,  weigh  from  three  to  five  or  fix  pounds.  They 
are  more  or  lefs  blackened  by  a  quantity  of  fuliginous  or 
footy  matter,  which  rifes  with  the  fal  ammoniac  in  the 
fublimation.    See  Soot. 
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Sal  ammoniac  may  be  purified  from  this  extraneous  matter 
by  the  means  commonly  employed  for  the  purification  of  falts, 
that  is,  by  diflblving  in  water,  filtrating,  cryftallizing,  and 
byfubliming  a  fecond  time,  if  this  fnould  be  thought  necef- 
fary :  a  fal  ammoniac  is  then  obtained  perfectly  white  and 
pure.    Sal  ammoniac  may  be  made  by  combining  marine 
acid  to  the  point  of  faturation  with  volatile  alkali,  obtained 
from  the  diftillation  of  animal  or  vegetable  fubftances,  and 
by  filtrating,  cryftallizing,  and  fubliming  the  faline  matters 
thus  combined.    But  this  fal  ammoniac  would  coft  more 
than  the  price  it  is  generally  fold  for.    Although  the  volatile 
alkali  ufed  for  this  procefs,  folid  or  liquid,  be  very  impure 
and  impregnated  with  much  empyreumatic  oil,  from  which 
it  is  difficult  to  purify  it*  yet  the  fal  ammoniac  obtained 
from  it  by  this  method  is  very  pure  and  good  ;  becaufe  the 
volatile  alkali,  when  it  combines  with  an  acid,  feparatcs 
itfelf  from  all  the  fuperabundant  oil  with  which  it  was  at 
firft  combined  :  hence  the  volatile  alkali  obtained  by  decom- 
fing  fal  ammoniac  is  better  difengaged  from  all  fuperabundant 
oily  matter  than  what  is  obtained  by  any  other  method.  But 
we  muff,  obferve,  that  the  volatile  alkali  obtained  from  fal 
ammoniac  always  carries  of?  with  it  fome  of  the  fubftance 
employed  for  the  decompofition.    This  circumftance  muff, 
produce  different  effects  in  chemical  experiments,  to  which 
attention  ought  to  be  given,  (q) 

AMMONIACAL  SALT  (VITRIOLIC).  This 
is  a  netural  fait  compofed  of  vitriolic  acid  faturated  by  vola- 
tile alkali. 

This  fait  may  be  made  by  feveral  different  methods. 

(q)  To  the  above  article  we  (hall  add  ;  i.  Sal  ammoniac  re- 
quires four  times  its  quantity  of  water  to  diiTolve  in  that  liquid. 
2.  Its  volatility  is  diminimed  fo  much  by  repeated  fublimationf, 
that  it  remains  half  fluid  at  the  bottom  of  the  fubliming  veflel  5 
and  when  fal  ammoniac  was  repeatedly  fublimed  together  with 
mercury  corrofive  fublimate,  and  the  reliduum  of  each  preceding 
operation  mixed  with  the  fublimed  fait,  the  whole  matter  became 
quite  fixed  in  the  fire,  and  would  no  longer  rife  from  the  bottom 
of  the  glafs.  Neuman.  3.  The  degree  of  heat  neceffary  to  volati- 
lize fal  ammoniac  is  a  little  below  that  of  ignition,  nearly  the 
fame  with  which  lead  is  melted.  4.  Pott  fays,  that  a  fmall  quan- 
tity of  fal  ammoniac  may  be  produced  by  diftilling  fea-falt  with 
charcoal  or  with  alum,  or  by  diftilling  marine  acid  with  Armenian 
bole.  5.  The  fame  author  affirms,  that  the  inflammability  of 
fulphur  is  deftroyed  by  fubliming  it  with  twice  its  quantity  of  fal 
ammoniac. 
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r.  By  combining  vitriolic  acid  with  difengaged  volatile 
alkali. 

2.  By  decompofmg  fal  ammoniac-  by  vitriolic  acid  in. 
Glauber's  manner.  If  this  latter  method  be  ufed,  a  marine 
acid  is  obtained  by  diftillation,  ftrong  in  proportion  to  the 
concentration  of  the  vitriolic  acid  employed;  and  in  the 
retort  the  vitriolic  ammoniacal  fait  remains,,  which  Glauber 
called  his  fecrei  Jul  anwioniac. 

3.  By  decompofmg  all  vitriolic  falts  with  earthy  or  metallic 
bales,  by  means  of  volatile  alkali.  See  Alkali  (Volatile). 

This  fait  has  the  properties  of  fal  ammoniac,  with  the 
differences  depending  on  their  different  acids.  It  is  femi- 
volatiie  ;  it  may  be  entirely  fublimed  ;  it  cannot  be  decom- 
pofed  in  clofe  vefTels  without  fome  intermediate  fubftance  ; 
it  has  a  {harp  tafte ;  it  eafily  difiolves  in  water  5  and  is  fiif- 
ceptible  of  crylfallization.  This  ammoniacal  fait  is  not  ufed 
in  arts  or  in  medicine.  Glauber  attributes  many  wonderful 
properties  to  it,  which  it  certainly  does  not,  fo  eminently  at 
leaft  as  he  pretends,  poflefs. 

AMMONIAC  SALT  (NITROUS).  This  fait 
is  compofed  of  nitrous  acid  faturated  with  volatile  alkali.  It 
is  found  in  earths,  or  plaflers  where  nitrous  acid  is  gene- 
rated, when  thefe  earths  have  imbibed  a  fufrkient  quantity 
of  putrid  animal  or  vegetable  fubftances  to  furnifh  volatile 
alkali  to  the  nitrous  acid,  which  is  there  generated. 

Nitrous  ammoniacal  fait  may  be  made,  as  the  vitriolic, 
by  three  methods. 

1.  By  combining  to  the  point  of  faturation  nitrous  acidi 
with  volatile  alkali. 

2.  By  decompofmg  fal  ammoniac  by  means  of  nitrous  acid-. 

3.  By  decompofmg  nitrous  falts  with  earthy  or  metallic 
bafes,  by  means  of  volatile  alkali.  See  Alkali  (Volatile). 

Nitrous  ammoniacal  fait  has  a  very  pungent  tafte ;  is 
foluble  in  water ;  capable  of  forming  beautiful  needle-like 
cryftals,  like  thofe  of  ordinary  nitre. 

This  fait  has  the  fmgular  property  of  detonating  alone* 
when  expofed  to  a  certain  degree  of  heat,  and  without  the 
neceffity  of  addition,  as  in  ordinary  nitre,  of  inflammable 
matter.  It  feems  even  to  inflame  with  lefs  heat  than  nitre 
mixed  with  inflammable  matter  does. 

This  property  proceeds  from  the  phlogiflon  or  inflam- 
mable matter  v.  hich  enters  as  a  principle  into  the  compoii- 
tion  of  the  volatile  alkaline  bafis  of  this  fait.  This  pro- 
perty alfo  furnifhes  a  decifive  proof  of  the  exiflence  of  this 
inflammable  matter  in  volatile' alkali. 

This 
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This  inflammability  of  nitrous  ammoniacal  fait  rentiers  it 
incapable  of  lublimation,  like  the  other  ammoniacal  falts,  as 
an  explofion  would  certainly  happen  in  the  operation.  Che- 
miiTs  do  not  fecm  to  have  examined  particularly  the  pro- 
perties of  this  fait ;  neither  is  it  ufed  in  arts  or  in  medicine. 
If  this  curious  fait  were  to  be  more  particularly  examined, 
the  operator  would  need  the  greateft  circumfpedhon  to  avoid 
exploiions. 

AMMONIACAL  SALT  (VEGETABLE). 
This  name  is  given  to  all  neutral  falts  formed  by  combina- 
tions cf  volatile  alkali  with  vegetable  acids.  But  thefe  falts 
are  hitherto  little  known,  although  they  defervc  to  be  exa- 
mined. The  faline  combination  formed  by  volatile  alkali 
and  vinegar  is  called  Spirit  of  Mhuicrerus. 

AMMONIACAL  SALT  (ANIMAL).  As  the 
fat  of  animals  contains  much  acid  (See  Fat),  an  ammoniacal 
fait  might  be  formed  by  combining  this  acid  with  volatile 
alkali,  which  might  be  properly  called  animal  ammoniacal 
fait.  But  this  combination  has  not  yet  been  made,  or  ex- 
amined. 

Laftly,  the  phofphoric  fait,  or  native  fait  of  urine,  be- 
longs to  the  clafs  of  ammoniacal  falts  j  and  as  its  acid 
appears  to  be  peculiarly  animal,  it  would  alfo  be  in  this 
fcnfe  a  true  animal  ammoniacal  fait.    See  Salt  (Fusible) 

AMMONIAC  (FIXED),  (r) 
AMMONIAC  (GUM),  (s) 
AMETHYST,  (t) 
AMIANTHUS,  (u) 

ANALYSIS 

(r)  Fixed  Ammoniac  is  a  name  given  tc  the  refiduum  formed 
by  decomposing  fal  ammoniac  with  a  calcareous  earth,  ft  is  a  fait 
compofed  of  that  earth  and  marine  acid.  SwSaLT  (Mar  ine) 
*witb  Basis  of  Calcareous  Earth. 

(s)  Gum  Ammoniac  is  a  gum  refin,  from  an  ounce  of  which 
fix  drams  may  be  diffolved  by  fpirit  of  wine,  or  fix  drams  two 
fcruples  and  a  half  may  be  diffolved  by  water.  Neuman. 

(t)  Amethyst.  This  is  a  violet-colored,  frequently  yellowifh 
or  reddifh,  pellucid  gem,  the  feventh  in  degree  of  hardnefs  from 
diamonds,  fulible  by  fire,  which  alfo  defiroys  its  color.  It  is 
found  amongst,  quartz,  and  is  probably  only  a  colored  quartz 
cryftal.  This  ftone  may  be  imitated  by  adding  to  a.  fritt  of  cryilal- 
giafs  eight  parts  of  magnefia  and  one  part  6f  zaftre. 

(u)  Amianthus  is  the  lightell  and  foftcft  of  all  ftcnes.  It 
confiits  of  fcbres  parallel  or  interwove,  fo  flexible,  that  cloth  has 
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ANALYSIS.  Chernifts  underftand  by  the  word  ana- 
lyfis, the  decompofition  of  a  body,  or  the  reparation  of  the 
principles  and  conftituent  parts  of  a  compound  fubflance. 

Cheiniftry  furnifhes  feveral  means  for  the  decompofition 
of  bodies.  Thefe  means  are  all* founded  on  the  differences 
of  the  properties  belonging  to  the  different  principles  of 
Wfijch  the  body  to  be  analyfed^isv  compofed.  Thus,  for 
example,  if  a  body  be  compofed  of  feveral  principles,  fome 
of  which  have  a  great,  and  others  a  moderate  degree  of  vola- 
tility ;  and,  lalriy,  others  are  fixed,  its  mcft  volatile  parts 
may  be  ftrft  feparatld,  by  a  graduated  heat,  in  diftilling 
vcllels,  and  then  the  parts  which  are  next  in  volatility  will 
oafs  over  in  diftillation  ;  and  laftly,  thofe  parts  which  are 
fixed,  and  capable  of  refitting  the  ac~lion  of  fire,  will  remain 
at  th:  bottom  of  the  veflel.  As  this  analyfis  cannot  be  made 
but  by  means  of  fire.,  it  is  called  the  Analyfis  by  fire. 

It  is  proper  to  obferve,  that  this  method  of  analyfing  does 
not  fucceed  equally  well  upon  all  bodies,  and  that  it  is  very, 
imperfect:  upon  fpme  bodies,  which  being  compofed  of  prin- 
ciples of  very  different  degrees  of  volatility,  might  feem 
well  adapted  to  it.  This  particularly  happens  when  the 
principles  of  fubftances  analyfed  by  this  method  have  a  great 
adhefion  to  each  other  j  becaufe  in  this  cafe  a  volatile  princi- 
ple drags  along  with  it  a  portion  of  the  fixed  principle,  which 
would  never  have  been  raifed  by  the  degree  of  heat  employ- 
ed without  this  adheiion,  and  as  it  were,  participation 
of  the  volatility  of  the  former  with  the  latter.  Frequently, 
therefore,  the  principles  obtained  by  this  method  of  analyfis 
are  in  part  ft  ill  united  with  each  other,  and  are  far  from  the 
proper  degree  of  purity.  In  this  cafe  it  is  necefTary  to  have 
recourfe  to  new  diftillations,  rectifications,  and  purifica- 
tions, to  obtain  them  fufficiently  pure  and  feparated  from 
each  other.  This  inconvenience  particularly  attends  the 
anafyfes  by  fire  of  moft  animal  and  vegetable  fubftances,  in 
which  analyfes  very  volatile  acids  and  alkalis  are  often 
procured,  frill  united  with  much  fuperfluous  heavy  oil.  The 
beft  method  of  avoiding  this  inconvenience,  or  at  leaft  of 
diminifning  it  as  much  as  poffible,  is  to  manage  very  care- 
been  formed  of  them.  By  a  flrong  heat  it  is  whitened,  hardened 
io  as  to  be  capable  of  linking  fire  with  freel,  and  rendered  brittle.' 
It  has  generally  been  confidered  as  unfufible  by  fire ;  but  Mr^ 
D'Arcet,  in  a  Memoir  of  the  French  Academy  for  the  year  1766 
affirms,  that  by  a  violent  and  long- continued  fire  it  is  fufible 
spd  that  it  forms  a  black  glafs.    This  Ifone  is  infoluble  bvacid/ 
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fully  the  fire ;  for  it  is  evident  that  a  too  ftrong  fire  would 
readily  confound  all  the  principles  of  the  fubftance  to  be 
analyfed. 

A  fecond  no  lefs  important  remark  concerning  the  ana- 
lyfis  by  fire,  is,  that  by  this  method  the  proximate  principles 
Of  very  compound  bodies,  fuch  as  molt  vegetables,  cannot 
be  obtained  ;  becaufe  thefe  proximate  principles  being  them- 
felves  very  compound,  and  of  a  delicate  mixture,  cannot,  for 
the  moft:  part,  fupport  the  action  of  lire  without  a  total  or 
partial  decompofition ;  or,  at  leaft,  without  receiving  fuch 
confiderable  alterations  that  they  can  no  longer  be  known. 
This  inconvenience  chiefly  attends  thofe  proximate  prin- 
ciples which  are  not  poflefled  of  great  volatility,  as  we  may 
fee  from  the  example  of  mild  and  fat  oils,  of  gummy, 
refinous,  faponacecus,  and  extractive  parts  of  vegetables. 
Thefe  principles  cannot  ever  be  procured  by  diftillaticn  fuch 
as  they  were  in  the  plant, 

Thefe  inconveniences  have  induced  chemifb,  particularly 
the  modern,  to  fearch  for  other  methods  of  decomposing 
bodies,  and  feparating  their  principles. 

They  have  found  one  method  which  wonderfully  Supplies 
in  many  cafes  the  defects  of  the  analyfis  by  fire. 

This  fecond  method  of  decompofing  bodies  is  founded  on 
the  different  degrees  of  folubility  in  moft  raenftruums,  which 
the  different  principles  poffefs.  Thus  when  a  body  is  com- 
pounded of  feveral  fubftances  ;  one  of  which,  for  inftancc, 
is  foluble  only  by  fpirit  of  wine,  a  fecond  is  foluble  only  by 
water,  and  a  third  is- foluble  only  by  ether ;  thefe  fubftances 
may  be  very  eafily  Separated  from  each  other,  by  fubmitting 
fucceflively  the  compound  body  to  the  action  of  thefe  menv 
ftruums,  each  of  which  diffolves  that  particular  Subftance  to 
which  it  has  an  affinity,  and  from  which  it  may  be  after- 
wards eafily  feparated.  This  method  of  analyfis  is  excellent 
to  Separate  without  any  fenfiblc  alteration  the  greateft  part 
of  the  proximate  principles  of  vegetables,  and  to  obtain 
them  as  they  exift  in  the  plants.  If,  for  mftance,  a  vegetable 
matter  contain  gum,  refin,  and  an  oil  or  oily  concretion 
not  foluble  in  fpirit  of  wine ;  we  may  firft  deprive  it  by 
water  of  its  mucilaginous  and  gummy  parts,  which  may 
afterwards  be  obtained  in  their  natural  ft  ate  merely  by  eva- 
poration of  the  water ;  then,  by  applying  to  this  vegetable 
matter  fpirit  of  wine,  we  may  extract  its  refinous  parts  ;  and 
laftly,  we  may,  by  treating  it  with  ether,  feparate  its  oily 
part,  which  could  not  be  diftblved  by  the  water  or  the  fpirit 
of  wine.     It  is  afterwards  eafy  to  obtain  the  fubftances 

I  4  diftblved 


ANALYSIS 


diiiblved  bv  the  ether  and  fpirit  of  wine,  pure  and  free  from 
their  menftruurns,  either  by  evaporation,  or  by  addition  of 
much  water,  which  feparates  the  oily  and  reiinous  parts. 
See  Spirit  of  Wise,  and  Ether. 

As  this  method  of  feparating  the  principles  of  bodies  is 
folelv  founded  on  the  action  of  menftruurns,  this  kind  of 
analyfis  has  been  called  Analysis  by  Menstruums. 

What  has  been  faid  on  this  fubjecT:  is  fufflcient  to  mew  its 
great  utility.  We  may  add,  that  in  fome  cafes  this  is  the 
only  analyfis  which  can  be  applied,  and  by  which  a  perfect 
and  compleat  reparation  can  be  effected.  If,  for  example, 
the  body  to  be  analyfed  confifts  of  two  fubftances  which 
equally  refill  the  action  of  fire,  as  gold  and  filver,  it  is  evi- 
dent that  thefe  two  fubftances  cannot  be  feparated  from 
each  other  but  by  means  of  a  menftruum  which  can  only 
diffolve  one  of  them.  Thus,  by  expofing  a  mafs  compofed 
of  gold  and  filver  to  aqua  regia,  which  diflblves  the  gold 
only,  or  to  nitrous  acid,  which  diffolves  only  the  filver,  the 
feparation  of  thefe  two  metals  may  be  effected.  The  opera- 
tion called  Parting  ought  then  to  be  confidered  as  the  true 
analyfis  by  menftruurns.    See  Parting. 

We  may  fay  the  fame  of  all  decompofitions  and  precipita- 
tions which  are  made  in  numberlefs  chemical  operations  by 
intermediate  fubftances,  either  by  the  humid  or  by  the  dry 
method,  in  different  fufions.  In  all  thefe  cafes,  the  inter- 
mediate ftibftance  employed  effects  the  precipitation  or  repa- 
ration of  the  body  intended  to  be  feparated,  by  really  dif- 
folving  another  body  to  which  the  former  was  united.  Thus 
the  analyfis  by  menftruurns  is  at  leaft  or  as  extenfive  utility 
as  the  analyfis  by  fire,  fince  it  takes  place  in  almoft  all  the 
operations  of  chemiftry. 

It  is  true,  that  in  many  ^afes  the  analyfis  by  menftruurns, 
as  well  as  that  by  fire,  is  incomplete.  This  inconvenience 
happens  when  there  is  in  the  compound  body  to  be  analyfed 
jbme  intermediate  fiibftance,  by  means  or  which  the  men- 
ftruum  is  rendered  capable  or  acting  upon  fome  of  the 
principles,  which  it  ought  not  to  do,  in  order  to  have  a 
complete  and  perfect  reparation.  But  there  inconveniences 
may  be  prevented  or  remedied. 

Frequently  it  is  neceffary,  in  order  to  make  a  perfect  ana- 
lyfis of  bodies,  to  unite  there  two  methods  by  fire  and  by 
menftruurns  :  the  one  may  be  made  to  affift  the  other ;  and 
from  thele  combined  means  a  decompofition  refiilts  much 
more  perfect,  and  more  accurate,  than  could  have  been  ob- 
tained by  either  or  them  reparately.    ir,  for  inftance,  we 
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intended  to  feparate  from  fpirit  of  wine  the  fuperabundant 
quantities  of  oil  and  water  which  are  generally  united  with 
it,  we  ought,  inftead  of  difcilling  it  alone,  to  mix  with  it 
fome  fixed  alkali,  or  very  dry  earthy  matter,  and  then  to 
proceed  to  the  diftillation  :  thefe  alkaline  or  earthy  fubihmces 
a£ting  upon  the  oil  and  water  will  retain  and  fix  them  ;  by 
which  means  the  fpirit  of  wine  is  allowed  to  rife  much  purer 
in  dilfillation. 

We  mall  fay  nothing  more  here  upon  analyfis  in  general. 
This  fubjecT:  is  fo  extenfive,  that  to  make  particular  appli- 
cations of  it,  we  mould  be  obliged  to  coniider  all  the  objects 
in  chemiftry,  Thofe  who  know  the  ufe  of  general  prin- 
ciples will  eafily  apply  thefe  to  particular  operations  ;  and 
longer  details  would  be  fatiguing  and  ufelefs  to  others.  It 
is  neverthelefs  proper  to  mention  the  general  articles  which, 
are  related  to  this.  See  Decomposition,  Distillation, 
Sublimation,  Precipitation,  Extraction,  Solu- 
tion. 

ANGELICA,  (w) 
ANIMAL,  (x) 
ANIME.  (y) 
ANISE,  (z) 
ANNOTTO.  (a) 

ANTIMONY, 

(nv)  Angelica.  The  root  of  this  plant  contains  an  efTential 
oil,  and  a  refinous  matter.  Neuman. 

(x)  Animal  Kingdom.    See  Kingdom. 

(y)  Anime,  according  to  Neuman,  is  a  refin  totally  foluble 
in  fpirit  of  wine.  It  is  called  improperly  gum  anime.  Other 
authors  mention  two  fubftances  to  which  this  name  is  given,  one- 
of  which  is  brought  from  India,  and  is  refinous :  the  other  is 
brought  from  Brafil,  and  is  fimilar  in  appearance  and  infolubility 
in  fpirit  of  wine,  or  in  water,  to  the  fubftance  called  gum  copal* 
All  the  anime  which  is  to  be  found  in  mops  of  druggifts  is  of  this 
latter  kind  ;  and  if  it  does  not  proceed  from  the  fame  tree  as  gum 
copal,  is  fcarcely  ditiinguifhable  from  it. 

(z.)  AnisE.  The  outer  thin  fcin  of  the  feeds  of  this  plant 
contains  an  efTential  oil,  and  the  kernel  itfelf  contains  an  inodo- 
rous, infipid,  expreffible  oil.  Neuman. 

(a)  An  motto  is  a  red  mafs  extracted  by  infufion  in  water,  and 
fermentation  from  the  pellicles  of  the  feeds  of  an  American  tree. 
To  water  this  mafs  gives  only  a  pale  brownilh-yellow  color,  and 
is  very  little  foluble  in  that  liquid.  It  readily  diflblves  in  fpirit 
of  wine,  and  gives  a  bright  orange  color  :  hence  it  is  ufeful  as  an 
ingredient  in  varnifhes  and  lacquers.  By  alkaline  falts  it  is  ren- 
dered foluble  in  water,  without  any  change  produced  upon  its 
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ANTIM  ON  Y.  Antimony  is  a  mineral  of  a  metallic, 
mining,  leaden  color,  the  maffes  of  which  have  no  deter- 
minate figure,  but  are  compofed  of  long,  brittle,  parallel 
needles.  It  is  compofed  of  a  femi-metallic  fubftance  called 
its  regulus,  united  with  fulphur,  as  moft  metallic  fubftances 
are  in  their  mineral  ftate. 

There  are  two  kinds  of  antimony,  namely,  that  which 
is  called  native  or  mineral,  and  is  in  the  fame  (late  as  when 
it  is  dug  out  of  the  earth;  and  fufed  antimony,  ib  named, 
becaufe  it  has  been  actually  fufed  in  order  to  feparate  it  from 
adhering  {tones  and  earths.  This  operation,  which  ought 
rather  to  be  called  liquation  than  fufion,  confideririg  thefe 
words  in  their  metallurgic  fenfe,  is  made  in  great  perfection 
upon  the  grounds  whence  antimony  is  dug.  The  procefs  is 
very  fimple  and  eafy.  It  confifts  in  placing  the  mineral  in 
earthen  pots,  pierced  in  their  bottoms  with  fmall  holes. 
Thefe  pots  are  placed  in  a  furnace,  where  they  receive  the 
necefikry  heat  for  the  fufion  of  the  antimony.  As  it  is  very 
fufible,  (for  it  melts  before  it  is  red)  this  degree  of  heat  is 
much  lefs  than  is  neceffary  for  the  fufion  of  the  earthy  and 
Hony  .matters  mixed  with  it.  The  antimony  thus  melted 
runs  through  the  holes  at  the  bottom  of  the  pots,  and  is 
received  in  other  pots  placed  below,  and  defended  from  the 
Beat  as  much  as  is  poffible.  The  antimony  is  allowed  to 
cool  and  fix  in  thefe  receivers,  from  which  it  therefore  takes 
its  form  of  cakes,  in  which  it  is  fold.  The  countries  which 
furnifh  moil  antimony  are  Hungary  and  Auvergne,  whence 
the  names  Hungarian  antimony,  and  Auvergne  antimony.  An- 
timony is  alfo  found  in  other  countries,  and  in  different 
forms ;  upon  which  fubject.  confult  the  article  Ore  of  An- 
timony. 

As  many  remedies  of  great  confequence  are  prepared  from 
antimony,  and  as  alchemifls  have  fuppofed  it  erTential  to  the 
great  work,  a  very  great  number  of  chemical  operations  have 
been  made  upon  this  mineral,  the  refults  of  which  are  dif- 
tinguifhed  by  particular  names.  We  mail  here  give  a  fum- 
mary  account  of  thefe  operations,  and  mall  make  references 
for  trie  particular  details  and  explanations. 

color.  Wool  and  filk  boiled  in  this  folution  acquire  a  deep,  but 
not  durable  oiar-ge  dye.  Its  colour  is  not  changed  by  alum  or  by 
acids  ;  but  is  difcharged  by  foaps,  and  is  deftroyed  by  expofure 
to  air.  It  is  faid  to  be  an  antidote  to  the  poifonous  juice  of 
manioc,  or  caiTava. 

The 
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The  metallic  part  of  antimony  is  difengaged  from  its  ful- 
phur  by  fcveral  method?.  The  firft  and  limpleft  is  torrefac- 
^ion,  commonly  called  Calcination  of  Antimony.  It  confute 
in  expofing  crude  antimony,  grofiy  powdered,  in  a  flat  and 
/hallow  earthen  veffel,  to  the  action  of  a  moderate  fire,  care 
being  taken  to  ftir  it  conftantly.  During  this  calcination, 
the  fulphur,  being  lefs  fixed  than  the  metalline  part,  is  gra- 
dually evaporated.  The  calcination  is  continued  till  no 
more  fulphureous  vapors  rife.  What  remains  after  the  cal- 
cination is  the  metallic  part  of  the  antimony  feparated  from 
the  mineral  fulphur,  and  even  deprived  of  part  of  its  own 
inflammable  principle.  This  fubftance  is  much  more  fixed 
2nd  lefs  fufible  than  antimony,  becaufe  in  general  metallic 
earths  are  fo  much  more  fixed  and  lefs  fufible  as  they  are 
deprived  of  more  of  their  inflammable  principle.  It  is  call- 
cd  Calx  of  Antimony.  It  is  of  a  grey  afh  color.  When 
taken  internally  it  is  violently  emetic  and  purgative,  where-1 
as  antimony  is  not  pofleffed  of  thefe  qualities,  becaufe  its 
metallic  earth  is  inveloped  by  fulphur,  and  thereby  depriv- 
ed of  mofir  of  its  properties. 

Calx  of  antimony,  expofed  to  a  great  heat  in  a  crucible, 
melts,  and  appears  when  cold  a  hard,  compact,  brittle, 
ihining  mafs.  This  melted  matter  is  fometimes  tranfpa- 
rent,  and  of  a  more  or  lefs  deep  hyacinthine  color.  It  is 
then  called  Glafs  of  Antimony,  becaufe  it  has  the  appearance 
and  properties  of  a  vitrified  fubftance. 

Sometimes  calx  of  antimony,  when  fufed  and  cooled,  be- 
comes an  opake  brown  mafs.  It  is  then  called  Liver  of 
Antimony. 

Thefe  differences  proceed  from  the  greater  or  lefs  quan- 
tity of  inflammable  principle  which  remains  united  with  the 
metallic  earth  of  the  antimony.  They  confequently  depend 
on  the  length  and  accuracy  of  the  calcination. 

When  this  calcination  has  been  flight,  and  much  inflam- 
mable matter  remains  united  with  the  earth  of  antimony, 
then  the  calx  produced  is  capable  of  melting  with  lefs  heat, 
and  the  refult  is  liver  of  antimony,  which  ought  to  be  con- 
fidercd  as  an  intermediate  matter  betwixt  the  vitrified  and 
metallic  ftates. 

If  the  calcinatoin  has  been  more  complete^  the  calx  is 
of  more  difficult  fufion,  and  the  refult  from  it  is  a  vitrified 
fubftance. 

Laftly,  if  the  calcination  has  been  as  as  perfect  as  is  pof- 
fible,  the  remaining  calx  is  ftill  more  refractory,  and  is  even 
incapable  of  fufion  and  vitrification. 

The, 
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The  calx,  the  liver,  and  the  glafs  of  antimony,  arc  vio- 
lently emetic.  The  phenomena  which  they  (hew  when 
treated  with  chemical  agents,  are  fo  much  more  fimilar  to 
thofe  exhibited  by  the  regulus  of  antimony,  as  they  ap- 
proach more  to  the  reguline  ftate,  that  is  to  fay,  as  they 
are  more  perfectly  deprived  of  mineral  fulphur,  and  lefs  de- 
prived of  their  inflammable  principle. 

Thefe  three  preparations  of  antimony  being  treated  in 
clofe  veflels,  and  fufed  with  matters  capable  of  furniming 
phlogifton,  fuch  as  the  black  flux,  are  reduced  not  into  an- 
timony from  which  they  were  originally  produced,  but  into 
a  femi-metallic,  hard,  brittle  fubftance,  of  a  dull  white 
color,  and  compofed  of  mining  facets.  This, fubftance  is 
called  Regulus  of  Antimony.  The  caufe  of  this  change  is, 
that  by  calcination  this  mineral  is  deprived  of  all  the  ful- 
phur which  is  found  united  with  its  femi-metallic  or  regu- 
line fubftance,  and  that  this  fulphur  is  not  reftored  to  it 
in  the  reduction  above-mentioned.  If  then  it  be  intended 
to  reftore  the  properties  of  antimony  to  its  calx,  liver, 
glafs,  or  regulus,  it  ought  to  be  combined  by  fufion  not 
only  with  phlogifton,  but  alfo  with  a  proper  quantity  of 
mineral  fulphur. 

Antimony  may  be  difengaged  from  its  fulphur,  and  at 
the  fame  time  reduced  either  into  regulus,  liver,  or  white 
calx  entirely  deprived  of  its  phlogifton,  by  feveral  other  pro- 
ccfles,  much  fhorter  and  more  expeditious  than  calcination, 
which  is  always  very  long. 

If  a  mixture  of  four  parts  of  crude  antimony  pulverifed, 
three  parts  of  tartar,  and  one  part  and  a  half  of  nitre,  be 
projected  at  different  times  into  a  large  red-hot  crucible, 
and  furrounded  with  burning  coals ;  and  when  the  detona- 
tion is  flnimed,  the  fire  raifed  fo  as  the  matter  fhall  be 
fufed  ;  then  upon  breaking  the  crucible  when  cool,  a  mafs 
is  found  confifting  of  two  diftincl:  fubftances,  and  which 
may  be  feparated  from  each  other  by  .the  ftroke  of  a  ham- 
mer. The  lower  fubftance  is  the  reguline  metallic  part, 
and  is  called  Regulus  of  Antimony.  The  fubftance  lying 
above  this  is  called  Scoria  of  the  Regulus  of  Antimony.  This 
fcoria  is  alkaline  and  acrid  :  it  attracts  the  moifture  of  the 
air,  and  is  compofed,  I.  Of  the  alkalis  of  the  nitre  and 
of  the  tartar  alkalifed  by  each  other  in  the  operation  ;  2. 
Of  a  portion  of  the  fulphur  of  the  antimony,  which  during 
the  operation  united  with  the  alkali  and  formed  a  liver  of 
fulphur  ;  3.  A  portion  of  reguline  fubftance  of  antimony 
diftblvedby  this  liver  of  fulphur;  4,  Laftly,  fame  yitrioiated 

tartar 
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tartar  which  was  formed  by  a  part  of  the  acid  of  the  fulphur 
combining  during  the  detonation  with  the  fixed  alkali. 

From  the  folution  of  the  fcoria  of  the  regulus  of  antimo- 
ny in  water,  a  yellow  reddifh  matter  is  depofited  in  a  cer- 
tain time,  which  is  nothing  eife  than  a  part  of  the  fulphur 
and  of  the  regulus  of  antimony  which  quit  the  alkali  with- 
out feparating  from  each  other ;  confequently  it  is  a  kind 
of  Kermes.  When  the  folution  of  this  fcoria  is  faturated 
with  any  acid,  a  pretty  large  quantity  of  reddifh  matter  is 
precipitated,  which  is  compofed,  like  the  former,  of  ful- 
phur and  reguline  parts.  This  matter  is  called  Sulphur 
(Golden)  of  Antimony,  which  fee. 

Thefe  two  precipitates,  and  particularly  the  latter,  are 
very  emetic,  although  in  them  the  reguline  part  is,  (as  in 
antimony,  which  has  no  emetic  quality)  united  with  a  large 
portion  of  fulphur.  The  true  reafon  of  this  difference  is,, 
that  in  crude  antimony  the  fulphur  is  much  more  intimate- 
ly and  ftrongly  united  to  the  femi-metallic  part  than  it  is 
in  the  golden  fulphur, 

Moft  metals,  as  iron,  copper,  tin,  lead,  and  filver  have 
a  greater  affinity  to  fulphur  than  the  regulus  of  antimony 
has.  Hence  this  regulus  may  be  precipitated  in  fufion, 
and  its  fulphur  may  be  feparated  by  means  of  thefe  metals. 
The  regulus  thus  obtained  is  called  the  Regulus  of  the  Me- 
tals. The  name  of  the  particular  metal  employed  to  make 
this  precipitation  is  added.  Thus  it  is  called,  the  Regulus 
of  Tin,  the  Regulus  of  Copper,  the  Martial  Regulus,  accord- 
ing to  the  metal  ufed  in  the  operation.  Iron  is  moft  fre- 
quently employed  to  make  this  regulus,  becaufe  of  all  me- 
tals it  has  the  greateft  affinity  to  fulphur,  and  for  that 
reafon  feparates  moft  eafily  and  perfectly  the  reguline  part. 
See  Regulus  of  Antimony  (Martial). 

If  inftead  of  detonating  antimony  with  a  fufficient  pro- 
portion of  nitre  to  obtain  the  regulus,  equal  parts  of  thefe 
two  fubftances  are  employed  ;  then,  after  the  detonation, 
no  regulus  will  be  found  at  the  bottom  of  the  crucible, 
but  a  brown,  opake,  brittle  mafs,  of  no  metallic  appear- 
ance ;  in  a  word,  fimilar  to  that  mafs  which  is  obtained  by 
melting  the  calx  of  antimony  alone,  when  too  little  de- 
phlogifticated  to  be  capable  of  vitrification.  This  mafs  is, 
properly  fpeaking,  the  fubftance  called  Liver  of  Antimony, 
from  its  color,  which  fomewhat  refembles  that  of  the  liver 
of  animals.  Ey  this  procefs  the  liver  is  always  made  in 
fmall  chemical  laboratories.  But  it  is  faid  that  in  Holland, 
where  many  chemical  operations  are  objects  of  manufac-* 
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ture,  the  liver  of  antimony  is  made  by  melting  the  calx  of 
this  mineral  alone,  fufficiently  dephlogifticated.  The  liver 
of  antimony  prepared  by  either  of  thefe  methods  is  a  violent 
emetic  and  purgative.  Several  difpenfatofies  require  it  to 
be  employed  in  the  preparation  of  emetic  tartar.  See  this 
word.    It  is  alfo  ufed  to  purge  horfes. 

When  in  this  operation  of  liver  of  antimony  by  nitre^ 
the  matter  has  been  well  fufed,  it  is  obfervable  that  the 
mafs  found  upon  breaking  the  crucible  is  compofed  of 
two  diftinct  fubftances.  The  liver  of  antimony,  being  the 
heavier  of  the  two,  is  at  the  bottom  ;  and  above  it  lies  a 
lighter  and  more  faline  matter,  called  the  fcoria^  which 
may  be  feparated  by  a  hammer.  This  fcoria  is  nearly  of 
the  fame  nature  as  that  of  the  ordinary  regulus.  It  is  very 
acrid  and  alkaline,  and  contains  vitriolated  tartar,  and  liver 
of  fulphur,  by  which  fome  liver  of  antimony  is  kept  dif- 
folved.  A  golden  fulphur  of  antimony  may  be  alfo  preci- 
pitated from  this  fcoria  by  any  acid. 

When  in  the  operation  of  the  liver  of  antimony,  the  fufion 
has  not  been  fufficient,  or  the  mixture  has  been  cooled  too 
fuddenly,  then  the  fcoria  remains  mixed  with  the  liver  of 
antimony,  which  it  in  fome  meafure  keeps  diiTolved. 

Laftly,  in  detonating  antimony  with  thrice  its  weight  of 
nitre,  after  the  operation,  a  mafs  perfectly  white  and  void  of 
color  is  found.  This  mafs  is  a  mixture  of  calx  of  anti- 
mony with  certain  faline  matters.  Thefe  are,  i.  Nitre 
alkalifed  by  the  phlogifton  of  the  fulphur,  and  of  the  re- 
gulus of  antimony  ;  2.  Vitriolated  tartar,  proceeding  from 
a  portion  of  the  acid  of  the  fulphur,  combined  with  the 
alkali  of  the  nitre  ;    3.  A  portion  of  nitre  undecompofed. 

As  to  the  calx  of  antimony  obtained  by  this  operation, 
it  is  perfectly  white,  becaufe  entirely  deprived  by  nitre  not 
only  of  all  the  mineral  fulphur,  but  alfo  of  its  own  phlo- 
gifton. 

This  calx  well  warned,  fo  as  to  be  cleanfed  from  the  falts, 
is  called  Diaphoretic  Mineral^  Diaphoretic .  Antimony ,  and 
White  Calx  of  u4>:ti?n9?iy.  It  is  neither  emetic  nor  purga- 
tive ;  for  which  reafon  a  diaphoretic  quality  has  been  at- 
tributed to  it.  ' 

•  The  white  calx  of  antimony  is  not  foluble  in  acids.  It 
is  exceedingly  fixed,  and  often  refractory,  being  capable 
of  fuftaining  the  greater!  violence  of  fire  without  vitrifying 
or  melting.  All  thefe  properties,  fo  different  from  thole  cf 
the  regulus,  the  liver,  and  the  giafs  of  antimony,  proceed 
from  its  being  entirely  divefted  of  phlogifton  by  nitre; 
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The-  quantity  of  nitre  employed  in  this  operation  is  more 
than  fufficient  to  dephlogifticate  entirely  all  the  earth  of  the 
antimony,  fmce  in  the  lcoria  is  found  fome  nitre  undecom- 
pofed,  becaufe  there  was  not  phlogifton  enough  in  the  anti- 
mony for  that  purpofe. 

Thefe  phenomena  of  the  calcination  of  antimony,  which 
are  conformable  to  thofe  of  all  other  metallic  calcinations, 
prove  in  a  fatisfactory  manner,  that  metallic  matters  owe 
their  volatility,  their  fuiibility,  and  their  Iblubility  in  acids 
to  their  phlogilton. 

The  mafs  remaining  in  the  crucible  after  the  detonation, 
in  the  operation  of  diaphoretic  antimony,  and  which  confe- 
quently  contains  the  calx  of  antimony  and  the  falts  refult- 
ing  from  the  operation,  receives  aperitive,  and  even  purga- 
tive qualities  from  the  falts  contained  in  it.  It  is- called 
Unwajked Diaphoretic.  It  forms  alfo  the  fubftance  called  the 
Refolvent  of  Rotrou. 

When  the  refult  of  the  detonation  of  diaphoretic  antimony 
is  w^aflied,  in  order  to  cleanfe  it  from  the  falts,  the  water 
diflblves  not  only  the  faline  matters,  but  alfo  the  nneft  part 
of  the  calx  of  antimony  adhering  to  thefe  falts.  This 
matter  feparates  and  precipitates  in  form  of  a  very  white  and 
fine  powder  ;  for  which  reafon  it  has  been  called  Pearl- 
Matter.  It  has  alfo  been  named  the  Cerufs  of  Antimony,  and 
very  improperly  the  Fixed  Sulphur  of  Antimony.  For  it  is 
evident  from  the  nature  of  the  operation,  that  no  fulphur 
can  remain  in  it,  nor  even  any  inflammable  matter.  The  pearl 
matter  alfo  gives  no  marks  of  fulphur  contained,  and  has 
abfolutely  the  fame  properties  as  diaphoretic  antimony  ;  and 
if  it  differs  in  any  thing,  it  is  in  being  more  perfectly  cal- 
cined. 

The  white  calx  of  antimony  and  the  pearl-matter  may  be 
reduced  into  regulus  by  fufion  in  clofe  vefTels,  with  a  re- 
ducing flux,  as  black  flux,  but  only  in  part,  and  with  con- 
fiderable  lofs« 

In  all  thefe  operations,  where  antimony  is  expofed  to  a 
fufing  heat,  a  confiderable  quantity  of  volatile  matter  rifes 
in  fmoke,  and  adheres  in  form  of  a  meal  or  fine  powder  to 
any  cold  body  it  meets.  This  is  called  Flowers  of  Antimony, 
which  are  nothing  elfe  than  the  femi-metaiiic  part  of  the 
antimony,  more  or  lefs  deprived  of  the  fulphur  and  phlogif- 
ton  ;  but  never  entirely  of  the  latter ;  and  they  are  therefore 
violently  emetic. 

In  the  chemical  operations  for  procuring  thefe  flowers, 
only  antimony  itfelf  or  its  regulus  are  employed.  For  this 
3  *  purpofe 
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purpofe  a  convenient  apparatus  and  vefTels  are  ufed.  Se •■• 
Flowers  of  Antimony,  and  Flowers  of  Regulus  cf 
Antimony. 

When  crude  antimony  is  boiled  in  a  lixivium  of  fixed 
alkali,  a  liver  of  fulphur  is  formed  from  the  combination  of 
this  alkali  with  the  fulphur  of  the  antimony,  by  which  the 
metalline  part  of  the  antimony  is  diflblved.  But  the  alkali, 
by  its  being  diflblved  in  water,  having  but  a  flight  union  with 
the  fulphur,  this  antimoniated  liver  of  fulphur  cannot  be 
kept  fufpended  in  the  water,  when  the  heat  of  that  fluid  is 
lefs,  or  much  lefs  than  is  fufficient  to  make  it  boil.  Hence 
when  the  liquor  cools,  it  becomes  turbid  ;  and  a  brick* 
colored  fediment  falls  down,  which  has  been  called  Kermes 
Mineral,  This  precipitate  drags  down  along  with  it,  accord- 
ing to  a  general  rule  of  all  precipitates,  a  portion  of  the 
alkali  by  which  it  was  kept  diflblved.  But  this  portion  of 
alkali  is  very  fmall.  For  this  reafon  alfo  the  kermes  cannot 
be  kept  diflblved  but  in  very  hot  water.  Hence  it  appears 
that  kermes  is  nothing  but  an  antimoniated  liver  of  fulphur, 
containing  the  fmalleir.  poflible  quantity  of  alkali,  or  a 
fuperabundant  quantity  of  fulphur  and  regulus  of  anti- 
mony. 

Kermes  may  alfo  be  made  by  fufion,  that  is,  by  melting 
in  a  crucible  dry  alkaline  fait  and  crude  antimony,  and  then 
diflblving  the  combination  in  boiling  water.  The  fame 
phenomena  appear,  as  in  the  preceding  operation,  and  for 
the  fame  reafons. 

Kermes  is  a  preparation  of  great  utility  and  importance  in 
medicine.  See  the  details,  the  preparation  of  Kermes,  and  the 
theory  of  it  more  extenfively,  as  well  as  its  medicinal  virtues,  at 
the  article  Kermes  Mineral. 

Acids  difficultly  diffolve  regulus  of  antimony.  To  diffolve 
it  by  the  vitriolic  acid,  the  fame  procefs  mult  be  ufed  as  in 
the  folution  of  mercury  by  this  acid  for  the  preparation  of 
turbith  mineral :  trfat  is,  to  employ  a  very  concentrated 
acid,  and  to  diftill  in  clofe  vefTels.  The  fame  phenomena 
alfo  occur  in  this  operation  as  in  that  for  turbith  mineral : 
a  very  fuftocating  fulphureous  acid  rifes  ;  and  as  Mr.  Geof- 
frov  obferves,  a  true  fulphur  fublimes,  and  adheres  to  the 
neck  of  the  retort :  a  white  faline  tumified  mafs  remains, 
in  the  vefTel.  When  the  vefTels  are  unluted,  a  white  fume 
ifiues  like  the  fmoking  fpitit  of  Libavius.  Thefe  pheno- 
mena of  the  production  of  volatile  fulphureous  acid,  and 
of  concrete  fulphur,  are  evidently  effects  of  the  combination 
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tff  the  vitriolic  acid  with  the  phlogifton  of  the  regulus  of 
antimony. 

The  nitrous  acid  does,  properly  fpeaking,  only  corrode 
and  dephlogifticate  the  regulus  of  antimony,  which  it  con- 
verts into  a  white  calx.  It  diflblves  a  little  better  this 
reguline  part,  when  it  is  applied  to  the  antimony  itfelf. 
This  folution,  as  Mr.  Geoffroy  obferves,  acquires  a  blueifh 
greenifh  color*  When  only  a  fufficient  quantity  of  acid  is 
employed,  it  may  be  feen  to  infert  itfelf  betwfxt  the  Arise  of 
the  antimonv,  and  there  form  fmall  cryftals. 

Marjne  acid  does  not  fenfibly  act  upon  antimony  nor  its 
regulus.  It  only  detaches  from  the  antimony,  in  lumps, 
ibme  light  and  fulphureous  flocks. 

Aqua  rcgia  molt  directly  and  completely  diflblves  regulus 
of  antimony.  For  this  operation,  it  is  proper  to  employ  an 
aqua  regia  compofed  of  four  parts  of  fpirit  of  nitre,  and  one 
part  of  fpirit  of  fait.  This  menftruum  is  digefted  in  a 
fand-bath  with  a  gentle  heat  upon  bits  of  regulus  of  anti- 
mony, which  are  added  fucceflively,  lb  that  one-  mall  notN 
be  added  till  the  former  -  are  diflblved.  By  means  of  this 
management,  directed  by  Mr.  GeofFroy  in  the  Memoirs  of 
the  Academy  of  Sciences,  aqua  regia  can  diflblve  about 
a  fixteenth  part  of  its  weight  of  regulus  of  antimony. 
This  folution  has  a  beautiful  golden  color,  which  difap- 
pears  by  the  evaporation  of  white  fumes  continually  rifing 
from  it. 

The  aqua  regia  above  defcribed  is  alfo  ver,y  proper  to 
diflblve  the  reguline  part  of  the  crude  antimony,  and  the 
folution  even  fucceeds  better  in  this  way.  This  is  appli- 
cable to  all  the  folvents  of  the  regulus  of  antimony. 

The  combination  of  marine  acid  with  regulus  of  anti- 
mony, which  fucceeds  fo  ill  by  applying  this  acid  directly 
to  the  femi-metal,  may  be  much  better  made  by  employing 
a  marine  acid  previoufly  combined  with  mercury  in  corro- 
five fublimate. 

When  regulus  of  antimony  or  powdered  crude, antimony 
is  mixed  with  corrofive  fublimate,  and  this  mixture  diftilled,* 
the  marine  acid,  having  a  ftronger  affinity  with  regulus  of 
antimony  than  with ,  mercury,  quits  the  latter  metallic 
fubftance  to  unite  with  the  former  ;  and  from  this  a  com- 
bination refults  which  pafles  in  diftiilation,  and  has  a  buty- 
raceous  appearance.  It  is  a  very  corrofive  metallic  fait,  and 
is  called  the  Butter  of  Antimony 

When  the  regulus  is  employed  to  make  the  butter  of  anti- 
mony, the  mercury  is  feparated  from  the  acid  of  the  cor- 
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rofive  fublimatc,  and  partes  over  in  its  metallic  and  fluid 
ftate  towards  the  end  of  the  operation,  and  when  the  fire  is 
encreafed. 

But  if  antimony  has  been  employed  to  make  this  butter, 
a  cinnabar  may  be  fublimed,  by  increafing  the  fire  after  the 
butter  of  antimony  has  parted  over  in  dift'illation.  This 
cinnabar  refults  from  the  union  of  the  fulphur  of  the  anti- 
mony with  the  mercury,  and  is  called  Cinnabar  of  Antimony, 
See  Butter  and  Cinnabar  ^Antimony. 

Butter  of  antimony  is  then  the  refult  of  a  combination  of 
the  metallic  part  of  antimony  with  marine  acid-  in  its  higheft 
degree  of  concentration,  and  is  therefore  a  powerful  cauftic. 
It  may  be  rendered  liquid  by  a  fmall  quantity  of  water;  but 
if  diluted  with  much  water,  then  the  greateft  part  of  the 
regulus  feparates  from  the  menftruum,  and  precipitates  in 
the  flate  of  a  white  powder,  which  has  been  called  Powder 
of  Algaroth ,  and  Mercury  of  Life,    See  thefe  words. 

The  powder  of  algaroth  is  a  very  violent  emetic,  Mr. 
Beaume  has  afcertained,  by  very  accurate  experiments,  that 
when  it  is  fufriciently  warned  it  does  not  retain  a  particle  of 
marine  acid. 

The  liquor  in  which  the  powder  of  algaroth  is  precipi- 
tated contains  all  the  marine  acid  of  the  butter  of  antimony, 
with  a  portion  of  the  reguline  part,  which  may  be  feparated 
from  it  by  precipitation  with  an  alkali.  This  liquor  has 
been  named  Philofophical  Spirit  of  Vitriol ;  .which  name  i$ 
improper,  fmce  it  contains  no  vitriolic  acid. 

Nitrous  acid  poured  upon  butter  of  antimony  difTolves  it 
eaflly,  and  even  violently.  When  this  folution  has  been 
made  gradually  and  cautioufly,  a  tranfparent  folution  is 
obtained  impregnated  with  much  regulus  of  antimony. 

As  in  this  operation  the  added  nitrous  acid  forms  with  the 
marine  acid,  already  united  with  the  regulus  -in  the  butter 
of  antimony,  an  aqua  regia ;  and  as  aqua  regia  is  the  bed 
folvent  of  this  femi-metallic  fubftance,  a  new  folution  takes 
place  by  the  addition  of  this  nitrous  acid,  entirely  fimilar, 
as  to  its  concomitant  phenomena,  to  the  folutions  of  metals 
by  this  acid,  not  previourty  difTolved  by  any  other.  This 
new  folution  is  even  fo  impetuous,  that  when  the  quantity 
of  matter  is  confiderable,  it  is  apt  to  be  thrown  violently 
out  of  the  containing  vertels. 

Butter  of  antimony  is  entirely  changed  by  its  union  with 
nitrous  acid.  This  acid,  as  is  ufual,  feized  upon  the  in- 
flammable part  of  the  regulus  of  antimony  which  the  marine, 
had  left  unchanged  ;  it  dimini&es  the  adhefion  of  the  marine 
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acid  with  the  regulus.  Hence  it  happens  that  this  new 
combination  of  regulus  of  antimony  with  the  acids  of  aqua 
regia,  when  dried  and  calcined,  no  longer  poffeffes  the 
volatility  of  the  butter  of  antimony.  Inftead  then  of  fub- 
Iiming  or  paffing  in  diftillation  without  decompofition,  as  the 
butter  does,  the  new  compound  refifts  the  action  of  fire,  is 
decompofed,  lets  its  acids  efcape,  and  remains  in  the  ftate 
of  a  white  powder. 

If  frefh  nitrous  acid  be  twice  poured  upon  this  white 
powder,  and  each  time  the  matter  evaporated  and  calcine '1, 
the  regulus  of  antimony  is  then  reduced  to  a  white  earthy 
fubftance,  indiffoluble  in  the  nitrous  acid,  entirely  -fixed 
and  unfufible,  and  poffeffed  of  no  emetic  or  purgative  qua- 
lities. This  preparation  has  been  called  Bezoar  mineral.  See 
this  word. 

This  operation  is  one  of  thofe  which  proves  moft  fenfibly 
the  power  of  the  nitrous  acid  to  calcine  metallic  fubftances, 
by  depriving  them  of  their  phlogifton.lt  alfo  proves  that  it 
is  chiefly  by  means  of  this  phlogifton  that  the  nitrous  acid 
diffolves  thefe  fubftances,  lince  it  cannot  diffolve  bezoar 
mineral,  diaphoretic  antimony,  nor  any  other  fimilarly  de- 
phlogifticated  metallic  fubftances. 

ANNEAL.  Annealing  confifts  in  making  metals  red- 
hot  which  have  become  hard  and  ftiff  by  frequent  perc'uffion, 
or  by  a  ftrong  comprefHon,  in  order  to  reftore  their  former 
malleability  and  tractabiiity.  All  metals  have  the  fingular 
property  of  becoming  more  or  lefs  hard,  untraceable,  and 
unmalleable,  after  they  have  been  ftruck  fome  time  with  a 
hammer.  It  feems  as  if  fomething  happened  to  them  fimilar 
to  the  effect  produced  by  the  tempering  cf  fteel.  Metals 
thus  affected  become  more  elafric  than  before,  but,  at  the 
fame  time,  more  brittle.  They  are  more  fenfibly  affected 
in  this  manner,  in  proportion  as  they  are  naturally  harder. 
Copper  is  fo  much  affected,  and  even  gold  and  lilver,  by 
hammering,  that  they  foon  ceafe  to  be  malleable,  and  are 
apt  to  fplit  and  crack,  inftead  of  being  extended,  under  the 
hammer.  This  labor  therefore  muft  be  often  interrupted, 
to  foften  and  reftore  malleability  to  metals.  This  is  effected 
by  making  them  red-hot,  which  the  workmen  call  annealing. 
Thus  heat  produces  the  fame  effect  on  metals  in  the  ftate 
defcribed,  as  it  does  upon  tempered  fteel  :  for  if  the  hardeft 
tempered  fteel  be  made  red-hot,  and  cooled  flowly,  it  be- 
comes as  tractable  and  ductile  as  the  fofteft  iron. 

There  is  alfo  an  annealing  for  works  made  of  glafs.  It 
confifts  in  placing  them,  while  newly  made  and  ftiil  hot,  in 
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an  oven  or  furnace,  where  they  very  llowly  cool.  This 
annealing  for  bottles  and  other  glafs  utenfils  is  quite  necef- 
fary  to  render  them  ferviceable  ;  for  all  glafs  which  is  cooled 
fuddenly  is  liable  to  be  broken,  not  only  by  the  leaft  change 
of  heat  and  cold,  but  even  by  the  flight'efr,  force. 

APYROUS.  This  word  is  applied  to  denote  that 
property  of  fome  bodies,  by  which  they  refift  the  molt  vio- 
lent fire  without  any  fenfible  alteration.  Apyrous  bodies 
ought  to  be  diftmguifhed  from  thofe  which  are  refraclory. 
Refractory  fubftances  are  thofe  which  cannot  by  violent  heat 
be  fufed,  whatever  other  alteration  they  may  fuftain.  But 
a  body,  properly  fpeaking,  apyrous,  can  neither  be  fufed 
by  heat,  nor  can  undergo  any  other  change.  Hence  it 
follows,  that  all  apyrous  fubftances  are  alfo  refractory,  but 
that  every  refractory  fubflance  is  not  apyrous.  Very  pure 
calcareous  {tones,  for  inftance,  are  refractory,  becaufe  they 
never  melt  without  addition  of  other  fubflance :  but  they 
are  not  apyrous  ;  becaufe  by  fire  their  weight  is  confiderably 
diminished,  the  adhefion  of  their  integrant  parts  is  deftroyed, 
and  all  their  efTential  properties  are  changed  by  their  con- 
Verfioh  into  quicklime.  On  the  contrary,  a  very  clear  and 
pure  diamond  is  apyrous,  becaufe  the  ftrongeft  fire  is  inca- 
pable not  only  of  melting  it,  but  alfo  of  producing  upon  it 
any  other  fenfible  alteration  -3  fo  that  a  diamond  which  has 
been  a  long  time  expofed  to  the  moft  intenfe  heat,  is  found 
to  be  the  fame  in  all  refpects  as  it  was  before,  (b) 

Perhaps  there  is  no  body  in  nature  efTentially  and  rigo- 
roufly  apyrous,  1  This  too  is  very  probable ;  but  it  is  fufn- 
cient  that  there  be  bodies  apyrous  relatively  to  the  degree  of 
fire  which  art  can  produce,  to  entitle  them  to  that  name. 

AQJJ  A-FOR  TIS.  Aqua-fcrtrs  is  a  name  given  by 
arnfts  and  manufacturers  to  nitrous  acid,  from  its  difiblving 
power.  As  it  is  not  the  concentrated  and  fmoking  nitrous 
acid  which  is  employed  in  the  arts,  it  feems  that  the  name 
aqua-fortis  may  be  retained  for  that  acid  which  has  not 
thefe  qualities. 

Molt  ar tills  who  ufe  nitrous  acid,  call  the  purer  and 
ftronger  kind,  which  is  alfo  confiderably  dearer,  by  the 
name  of  Spirit  of  Nitre.  For  the  properties  of  this  acid,  fee 
Acid  (Nitrous)  -y  and  for  the  difHIiation  of  it,  "Spirit 
£>/Nitre. 

(b)  Some  late  experiments  have  fhewn  that  diamonds  may  be 
entirely  diilipared  or  evaporated  by  heat,  and  are  therefore  not 
entitled  to  be  ranked  amongft  apyrous  fubftances.  See  Dia- 
monds. 

In 
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In  the  manufacture  of  foap,  the  cauftic  alkaline  lixivium 
is  called  alio  the  Jlrong  water,  or  flap-lees,  or  lixivium  of 
foap-boilers.    See  Lixivium. 

AQUA-REG  I  A.  Aqua-regia  is  a  mixture  of  the 
nitrous  and  marine  acids.  Thefe  two  acids  are  mixed  to 
obtain  a  menftruum  capable  of  acting  upon  certain  bodies 
which  no  pure  acid  can  diflblve,  or  but  imperfectly ;  par- 
ticularly gold  and  platina  cannot  be  diflblved  in  their  aggre- 
gated ftate  by  any  other  acid  than  by  aqua-regia.  Tin  and 
regulus  of  antimony  are  better  and  more  eafily  diflblved  by 
aqua-regia  than  by  any  other  acid. 

This  menitruum  may  be  made  either  by  merely  mixing  the 
fpirit  of  nitre  with  fpirit  of  fait,  or  by  diflblving  infpiritof 
nitre  a  fait  containing  marine  acid,  and  particularly  fal  am- 
moniac and  common  fait.  La'tly,  it  may  be  well  made  by 
diftilling  nitrous  acid  from  either  of  thefe  falts ;  becaufe 
nitrous  acid,  being  capable  of  difengaging  marine  acid  from 
thefe  falts,  does  actually  difcngage  it,  either  by  fimply  dif- 
folving  them  in  nitrous  acid,  or  by  diftillation. 

The  only  difference  betwixt  the  feveral  forts  of  aqua- 
regia,  prepared  in  thefe  different  manners,  is,  that  the 
aqua-regia  made  by  merely  diflblving  fal  ammoniac  or  com- 
mon fait  in  nitrous  acid  contains  ammoniacal  or  cubic  nitre, 
and  that  thefe  neutral  falts  do  not  exift  in  the  aqua-regia 
made  by  mixture  of  the  two  acids,  or  by  diftillation. 

The  prefenceof  thefe  neutral  falts  in  aqua-regia  does  not 
injure  its  diflblving  powers.  Accordingly,  as  the  aqua-regia 
which  contains  them  is  the  eafieft  prepared,  and  leaft  ex- 
penfive,  it  is  more  generally  ufed  than  the  others.  But  it  is 
neceffary  toobferve,  that  the  ammoniacal  nitre  in  the  aqua- 
regia  may  occafion  confiderable  differences  in  the  nature  of 
the  precipitates  made  from  fokitions  of  metals  in  this  men- 
ffruum,  by  feparating  from  thefe  precipitates  any  of  thofe 
metallic  fubftances  which  it  is  capable  of  diflblving,  and 
alfo  by  a  portion  of  it  adhering  to  precipitates.  For  in- 
stance, gold  preci-pitated  by  a  fixed  alkali  from  an  aqua- 
regia  made  by  mixing  the  pure  nitrous  and  marine  acids, 
•does  not  fulminate;  whereas  it  does  fulminate  when  pre- 
cipitated from  an  aqua-regia  made  by  diflblving  fal  am- 
moniac in  nitrous  acid.  See  Precipitates;  and  Gold 
(Fulminating). 

The  mixture  of  the  nitrous  and  marine  acids  prefents  a 
very  lingular  and  remarkable  .phenomenon ;  which  is,  that 
the  vapors  of  this  mixture  are  more  expanfive  and  more 
^difficult  to  be  confined  than  the  vapors  of  either  of  the  acids 
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before  mixing.    This  proves  a  re-action  of  thefe  acids  upon 
each  other.    This  phenomenon  is  very  little  fenfible  when 
the  acids  employed  contain  much  fuperabundant  water;  but 
is  more  manifeit.  in  proportion  as  thefe  are  more  concen- 
trated.   I  have   obferved,  that  upon  mixing  moderately 
fmoaking  nitrous  and  marine  acids,  which  had  remained 
without  occafioning  any  disturbance  in  their  bottles,  an 
aqua-regia  has  been  formed  infinitely  more  fmoaking,  and 
which  has  made  the  fropper  fly  out  of  the  containing  bottle, 
particularly  in  v/eather  fomewhat  warm.     Mr.  Beaume, 
when  diftiliing  a  pretty  ftrong  nitrous  acid  upon  fal  ammo- 
niac, obferved,  that  the  vapors  which  paued  were  fo  elaffic, 
that  notwithftanding  every  precaution  that  could  be  taken 
in  fuch  a  cafe,  it  was  impomble  to  continue  the  diftillation* 
As  to  the  proportions  of  nitrous  and  marine  acids,  or  of 
fal  ammoniac,  which  ought  to  be  employed  for  the  prepara- 
tion of  aqua-regia,  there  are  no  eftablifhed  rules.  Common 
aqua-regia  is  made  by  diuolving  four  ounces  of  fal  ammoniac 
in  fixtecn  ounces  of  nitrous  acid.    But  thefe  proportions 
ought  to  be  varied  according  to  the  nature  of  the  folutions 
intended. 

To  diflblve,  for  example,  the  greateft  pomble  quantity 
of  platina,  the  belt,  proportion  is  equal  parts  of  the  two 
acids. 

To  diflblve  the  greateft  quantity  of  regulus  of  antimony, 
the  aqua-regia  ought  to  be  compofed  of  four  parts  of  nitrous 
acid  to  one  of  marine. 

In  general,  the  greater  the  proportion  of  marine  acid,  or 
of  fai  ammoniac,  is  in  aqua-regia,  the  lefs  are  the  imper- 
fect metals,  and  particularly  tin  calcined  and  precipitated 
by  it.  An  aqua-regia,  compofed  of  two  parts  of  fpirit  of 
nitre  and  one  part  of  fpirit  of  fal  ammoniac,  makes  a  clear 
folution  of  nearly  an  equal  weight  of  tin,  without  forming 
any  precipitate :  but  for  this  purpefe,  the  operation  mult  be 
performed  flowly,  and  heat  muft  be  avoided  as  much  as 
poffible.  See  Gold,  Platina,  Tin,  and  Regulus  of 
Antimony,    (c)  ■     \         "  '■ 

AQUA- 

(c)  Aqua-regia  does  not  difTolve  filver  :  but  when  the  quan- 
tity of  marine  acid  contained  in  the  aqua-regia  is  very  fmall,  the 
acid  of  nitre  does  then  diflblve  filver,  which  is  immediately  after- 
wards attacked  by  the  marine  acid,  with  which  it  forms  the 
metallic  fait  called  luna  cornea,  and  is  precipitated.  •  Aqua-regia 
duTclves  a  larger  quantity  of  lead  than  marine  acid.    All  the 
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AQUA-SECUNDA.     This  is  nothing  elfe  than 
aqua-fortis  diluted  with  much  pure  water.    It  is  employed 
in  feveral  arts  to  clean  the  fucface  of  metals  and  of  certain  - 
Itones,  and  for  fome  other  purpofes. 

AQUA-VITiE.     Aqua-vitae  is  the  fpirituous  part  . 
obtained  by  a  firft  diltillation  from  wine,  or  any  other  liquor 
which  has  undergone  the  vinous  fermentation.    It  is,  pro- 
perly fpeakins;,  ardent  fpirit,  or  fpirit  of  wine. 

To  make  the  aqua-vitas  that  is  fold  in  commerce,  wine 
is  put  in  large  copper  alembics  or  Hills,  to  which  worms 
are  fitted,  and  the  diltillation  is  fo  conducted  that  the  liquor 
flows  out  cf  the  beak  of  the  flill  in  a  conftant  ftream,  and  is 
continued  till  the  liquor  begins  to  be  no  longer  inflam- 
mable. 

It  is  evident  that  this  diltillation,  being  haftily  and  un- 
artfully  performed,  can  only  furnifh  a  very  impure  fpirit  of 
wine,  mixed  with  feveral  of  the  other  principles  of  the 
wine  employed.  Thus  aqua-vitae  contains  much  fuper- 
abundant  water,  and  much  oil  of  wine,  fubfrances  entirely 
foreign  to  what  is  properly  called  fpirit  of  wine. 

Thefe  heterogeneous  matters  contained  in  aqua-vita?  pre- 
vent it  from  being  employed  in  chemical  operations.  To- 
purify  it,  and  change  it  into  fpirit  of  wine,  it  rnuft  be 
again  diftilled  and  rectified.    See  Spirit  o/Wikz. 

AQUILA  ALBA,  (d) 

ARBOR  DIAN.T,.  The  arbor  Dianas  is  the  refult 
of  a  chemical  operation,  by  which  particles  of  filver,  prc- 
vioufly  diflblved  in 'nitrous  acid,  are  capable  of  arranging 
themfelves  in  the  form  of  a  fhrub.  Chemifts  have  called 
this  Arbor  Diana,  from  the  filver  which  they  alfo  call  Diana, 
or  the  Moon.  The  following  procefs  given  by  Lemeri  for 
making  the  arbor  Dianse  fuccceds  well  : 

"  Take  an  ounce  of  fine  filver,  difiblve  it  in  a  fufficient 
"  quantity  of  fpirit  of  nitre,  very  pure  and  moderately" 
<{  ftrong  ;  mix  this  folution  of  filver  in  a  matrafs  with 

other  metals  it  perfe&ly  diflblves.  According  toOellert's  Table, 
the  fubftances  which  aqua-regia  diflblves  are  placed  in  ihe  follow- 
ing order,  beginning  with  thofe  to  which  it  mod  powerfully 
unites :  Phlogiflon,  zinc,  iron,  regulus  of  cobalt,  copper,  tin, 
arfenic,  bifmuth,  mercury^  lead,  regulus  of  antimony,  gold. 
In  this  table  copper  is  erroneoufly  plaCpd  before  tin,  as  the  latter 
metal  readily  precipitates  the  former. 

(d)  Aqlmla  Alba  is  a  name  given  to  fwect  mercury.  See 
{vHrcury  (Sweet). 
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<c  about  twenty  ounces  of  diftillcd  water  ;  add  to  this  mix- 
"  ture  two  ounces  of  mercury,  and  let  the  whole  remain 
"  at  reft.  During  a  fpace  of  about  forty  days,  a  kind  of 
"  filvcr  tree  will  be  performed  upon  the  mercury,  with 

"  branches  refembling  vegetable  ramifications." 

As  this  procefs  is  very  long,  we  fhall  here  add  another 
much  morter,  taken  from  a  memoir  of  Mr.  Homberg,  and 
quoted  by  Mr.  Baron,  in  his  edition  of  Lemeri's  Che- 
miftry. 

M  Make  an  amalgam  without  heat,  of  four  drams  of 
<c  filings  of  filvcr,  or,  frill  better,  of  filver-leaf,  and  of 
<c  two  drams  of  mercury  Amalgam);  diftblve  this 
<c  am: 'gam  in  four  ounces,  or  a  fufflcient  quantity,  of 
'*  fpint  of  nitre  pure  and  moderately  ftrong ;  dilute  this 
<c  folution  in  about  a  pound  and  a  half  of  diftillcd  water; 
'*  make  the  mixture,  and  preferve  it  in  a  bottle  with  a  glafs- 
**  {topper  :  when  this  preparation  is  to  be  ufed,  an  ounce 
"  of  it  is  to  be  put  into  a  phial  together  with  about  the 
<l  fize  of  a  pea  of  an  amalgam  of  gold  or  of  filver,  which 
tc  ought  to  be  foft  as  butter ;  and  the  whole  is  to  remain 
M  at  reft  :  foon  afterwards,  fmall  filaments  are  to  be  feen 

iffuing  from  the  fmall  amalgam,  which  quickly  encreafe> 
<c  branch  out  on  both  fides,  and  take  the  form  of  drubs." 

This  experiment,  which  is  generally  confidered  merely 
as  curious  and  amufing,  is  founded  on  many  of  the  effential 
properties  of  the  fubftances  employed.  As  mercury  has  a 
ftronger  affinity  than  filver  to  nitrous  acid,  it  obliges  this 
metal  to  feparate  and  precipitate.  But  in  this  precipitation 
there  are  two  effential  particulars  :  the  firft  is  the  color  of 
the  filver  precipitated,  which  on  this  occafion  appears  in 
its  natural  form  and  metallic  brilliancy.  The  caufe  of  this 
is,  that  it  was  precipitated  by  a  metallic  fubftance;  for  it 
appears,  that  in  general  this  happens  whenever  one  metal 
is  precipitated  by  another  metal ;  whereas  metals  precipi- 
tated by  any  other  fub fiance  are  always  in  form  of  calxes, 
or  earthy  precipitates,  without  any  metallic  appearance. 
See  Precipitation. 

The  fecond  remark  to  be  made  on  the  precipitation  of 
filver  in  this  experiment  is,  the  Angular  arrangement  taken 
bv  the  particles  of  filver  on  the  furface  of  the  mercury  one 
after  another,  according  as  they  are  feparated  from,  the 
nitrous  acid.  We  cannot  but  perceive  in  this  phenomenon 
a  very  fenfible  e#e£t  of  the  attraction  or  affinity  of  the  in- 
tegrant parts  of  the  fame  fubftance,  or  of  two  fimilar  fub- 
ftances to  each  other.    In  faei5  it  can  only  proceed  from 
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this  affinity  which  the  particles  of  filver  firft  'feparated  from  * 
the  nitrous  acid  have  with  the  mercury,  that  they  rather 
attach  themfelves  to  the  furface  of  that  metallic  fubftance, 
than  to  any 'part  of  the  veiTel  or  of  the  liquor;  and  it  alfo. 
proceeds  from  this  tendency  which  the  particles  of  iil  ver  have 
to  each  other,  that  thofe  which  arc  afterwards  feparated 
from  the  nitrous  acid  adhere  to  the  particles  already  attach- 
ed to  the  mercury,  and  to-  each  other,  rather  than  to  any- 
other  body. 

As  to  the  neceffary  conditions  for  this  experiment  of 
the  arbor  Dianae,  it  has  been  already  recommended  to  em- 
ploy very  pure  filver,  nitrous  acid,  and  water;  becauf-  the 
greateft  part  of  the  extraneous  matters  with  which  thele 
fubftances  are  generally  mixed,  are  capable  of  precipitating 
the  filver,  which  in  the  prefent  experiment  ougfrt  not  to 
be  feparated  but  by  mercury.  See  Silver,  and  Part- 
ing. 

In  the  fecond  place,  it  is  abfolutely  necefTary  to  dilute  in 
much  water  the  folution  of  filver;  i.  To  avoid  the  for- 
mation of  cryftals  of  lilver,  which  might  take  place  if  this 
folution  was  too  concentrated,  thefe  being  a  cryftallization 
of  filver  in  a  faline  ftate,  very  different  from  the  arbor 
Dianae  which  is  required.  See  Crystals  of  Silver.  2. 
Becaufe  if  the  foluion  of  filver  was  concentrated,  the  par- 
ticles of  filver  would  be  precipitated  too  fait,  and  in  too 
great  quantity ;  by  which  they  would  be  prevented  from 
applying  themfelves  regularly  to  each  other,  and  would  be 
thrown  down  confufedly. 

In  the  third  place,  it  is  necelTary  that  the  nitrous  acid 
Ihould  be  faturated  with  filver  before  it  is  diluted  with 
water,  otherwife  the  unfaturated  part  of  the  acid  mull  flrh: 
diflblve  its  proper  quantity  of  filver  or  mercury,  before  the 
precipitation  can  take  place,  which  would  lengthen  the  ex- 
periment fo  much  more,  as  the  quantity  of  water  with 
which  the  folution  was  diluted  was  greater. 

ARCANUM  CORALLINUM.  This  is  nothing 
elfe  than  red  precipitate^  ©n  which  fpirit  of  wine  has  been 
two  or  three  times  burnt,  with  an  intention  of  rendering  it 
milder.    See  Precipitate  '(Red). 

ARCANUM  DUPLICATUM.  This  Latin  name, 
which  figniries  the  double  fecrct,  is  one  of  the  molt  generally' 
known  falts.  It  is  the  fait  compofed  of  vitriolic  acid  unit- 
ed with  vegetable  fixed  alkali,  and  therefore  does  not  differ 
from  the  Sal  de  duobus^  and  vitridlated  tartar.  "See  Tartar 
(Vitriolated). 
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ARGENTUM  MUSIVUM.  (/) 
ARRACK,  (g) 

ARSENIC.  Arfenic,  or  white  arfenic,  is,  properly 
fpeaking,  nothing  but  the  flowers  or  calx  of  regulus  of 
arfenic. 

This  fubftance  has  fmgular  properties,  which  render  it 
the  only  one  of  its  kind. 

It  is  at  once  a  metallic  earth  and  a  faline  fubftance.  It 
refembles  all  metallic  calxes  in  its  capacity  of  combining 
with  phlogifton,  and  of  being  thereby  changed  into  a  true 
femi-metal. 

But  it  very  efTentially  differs  from  all  metallic  calxes 
and  earths. 

1.  In  being  conftantly  volatile ;  whereas  all  other  calxes 
of  metals,  and  even  of  the  moft  volatile  femi-metals,  arc 
very  fixed  when  deprived  of  phlogifton. 

2.  Metallic  calxes,  fo  far  from  being  foluble  in  water, 
are  even  for  the  moft  part  indiftbluble  in  the  ftrongeft  acids. 
White  arfenic,  on  the  contrary,  is  foluble,  not  only  in  all 
acids,  but  alfo  in  water  itfelf,  as  faline  matters  are. 

According  to  Mr.  Brandt  (Afta  Eruditorum  Upfal  de 
jSemimetallis,  1733)*  arfenic  may  be  diflblved  in  fourteen 
or  fifteen  times  its  weight  of  water,  by  help  of  a  boiling 

(e)  Archil,  Archilla,  Pocella,  or  Orseille,  is  a 
white  mofs  which  grows  in  the  Canary  and  Cape  de  Verd  iilands, 
and  according  to  Linnsus,  on  the  weftern  coaft  of  England. 
From  this  plant  is  prepared,  by  grinding  and  moiftening  with  vo- 
latile alkali,  a  beautiful  purple  dye,  which  is  not  durable,  but 
is  chiefly  ufed  to  give  abloom,  as  it  is  called,  toother  colors.  By 
addipg  folution  of  tin  to  an  infufion  of  archil  in  water,  a  durable 
fcarlet  dye  is  produced,  as  Mr.  Hellot  fays.  The  color  of  archil 
may  be  extracted  by  water,  by  volatile  fpirits,  or  by  fpirit  of 
wine.  It  lofes  its  color  in  glafs  tubes  hermetically  fealed,  and 
refumes  it  upon  expofure  to  air.  A  folution  of  archil  in  water 
gives  a  permanent  and  deep  ftain  of  a  purplifh  color  to  marble. 

(f)  Argentum  Musivum  or  Mosaicum  is  a  mafs  confilline 
of  iilver-like  rlakes,  ufed  for  the  coloring  of  plafter  figures,  ana 
for  other  purpofes,  as  a  pigment.  It  confiits  of  an  amalgam  of 
equal  parts  of  tin,  bifmuth,  and  mercury.  It  is  to  be  mixed 
with  white  of  eggs,  or  fpirit  varnim,  and  then  applied  to  the 
intended  work,  which  is  afterwards  to  be  burnilhed. 

(f)  Arrack  is  a  vinous*  fpirit  obtained  by  diftallation  in  the 
Earl  -Indies,  from  rice  or  fugar,  as  is  faid,  fermented  with  the 
juice  of  coco-nuts, 
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heat,  and  tranfparent  yellow  cryftals  may  be  obtained  by 
evaporating  this  folution. 

3.  Metallic  calxes,  when  perfectly  calcined,  (the  calx 
of  the  regulus  of  antimony  not  excepted)  are  entirely  free 
from  fmell,  tafte,  or  other  action  upon  the  human  body. 
On  the  contrary,  arfenic  always  preferves  a  ftrong  alliace- 
ous fmell,  and  when  put  on  the  tongue,  it  excites  an  im- 
prefiion  of  acrimony  and  heat,  which  produces  an  invo- 
luntary fpitting;  when  taken  internally,  or  even  when  ap- 
plied externally,  it  produces  the  moft  terrible  and  violent 
effects  of  a  ^orrofive  poifon. 

4.  No  kind  of  earth,  not  even  the  metallic  earths,  can 
contract  an  union  with  metallic  fubftances.  Arfenic  eafily 
unites  with  all  metals  and  femi-metals,  with  the  fame  de- 
grees of  affinity  that  the  regulus  of  antimony  does,  that 
is  to  fay,  in  the  order  following,  according  to  Mr. Cramer  : 
iron,  copper,  tin,  lead,  filver,  gold. 

It  is  proper  to  obferve,  that  arfenic  renders  all  the 
metals  with  which  it  is  united  brittle.  It  renders  gold  of 
a  greyifh  color  in  its  broken  furface,  filver  of  a  deep  grey, 
and  copper  white.  Tin  becomes  by  mixture  with  arfenic 
much  harder  and  more  unfufible.  Lead  becomes  very  hard 
and  very  brittle,  and  it  changes  iron  into  a  blackifh  mafs. 
Thefe  obfervatiens  are  taken  from  Mr.  Brandt's  Memoir 
quoted  above. 

5.  The  more  metallic  calxes  are  deprived  of  phlogifton, 
the  more  unfufible  they  are  rendered.  On  the  contrary, 
arfenic  is  always  very  fufiblc.  Its  volatility  alone  prevents 
its  perfect  fufiom  It  volatilizes,  vitrifies,  and  fcorifles  all 
folid  bodies,  excepting  gold,  filver  and  platina. 

6.  Earths  and  metallic  calxes  have  no  action  upon  nitre, 
which  (as  is  obferved  under  the  article  Nitre)  can  be  de- 
compofed  only  by  phlogifton,  by  vitriolic  acid,  and  by  fe- 
dative  fait.  Arfenic  decompofes  nitre  with  the  greateit  fa- 
cility, not  by  combining  with  and  deftroying  its  acid,  as 
phlogifton  does  ;  but  by  difengaging  it,  and  uniting  in  its 
place  with  the  alkali,  as  the  Vitriolic  acid  and  fedative  fait 
do. 

Stahl-  and  Kunkel  both  knew  this  property  which  arfe- 
nic poflefTes  of  decompofing  nitre,  and  of  difengaging  its 
acid. 

Stahl  directs  how  to  prepare  by  means  of  arfenic  a  very 
volatile  nitrous  acid,  extremely  concentrated,  of  a  pene- 
trating fetid  fmell,  and  blue  color,  although  its  vapors  are 
red.    This  color,  according  to  Mr.  Beaumc's  obfervation, 
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is  caufed  by  the  water  which  mufi:  neceffarily  be  put  in 
the  receiver  to  con  den  fe  the  vapors  of  tnis  very  ftrong  and 
difficultly  condenfible  acid. 

Kunkel  alfo  directs  to  make  an  aqua-fortis  fimilar  to  that 
of  Stahl,  but  by  a  much  clearer  and  fimpler  procefs,  fince 
he  decompofes  nitre  by  arfenic  alone ;  whereas  Stahl  em- 
ploys in  his  mixture  a  martial  vitriol  calcined  till  it  be- 
comes red,  and  does  not  ufe  pure  arfenic,  but  a  combina- 
tion of  equal  parts  of  arfenic  with  antimony  and  fulphur, 
a  combination  which  the  chemifts  have  called  Pirmiefon^  or 
Lapis  de  tribus. 

Thefe  two  chemifts  contented  themfelves  with  examin- 
ing the  properties  of  the  fpirit  of  nitre,  which  they  pro- 
cured by  means  of  arfenic,  and  nobody  had  examined  the 
refiduum  in  the  retort  after  diftillation. 

This  matter,  being  worthy  of  attention,  has  been  refumed 
by  Mr.  Maequer,  who  has  particularly  examined  the  de- 
compofiti on  of  nitre  in  clofe  vefTels  by  arfenic,  and  the 
new  kind  of  fait  remaining  in  the  retort  after  the  diftillation 
of  the  nitrous  acid. 

Thefe  refearches,  the  detail  of  which  has  been  given  in 
two  memoirs  printed  in  the  collection  of  the  academy,  dif- 
covered  to  him  that  arfenic,  by  combining  with  the  bafis 
of  nitre,  after  having  chafed  the  acid  from  it,  forms  with 
this  alkali  a  kind  of  fait  perfectly  neutral,  which  he  has 
called  neutral  arfenical  Salt.  See  Salt  (Neutral  Arse- 
nical). 

Another  deccmpofition  of  nitre  by  arfenic  was  known 
by  chemifts,  and  confequently  alfo  another  combination  of 
arfenic  with  the  bafis  of  nitre,  called  by  fome  chemifts, 

Arfenic  fixed  by  Nitre,  or  Nitre  fixed  by  Arfienic  ;  but  this 
latter  combination  diners  from  the  arfenical  fait  of  Mr. 
Maequer  in  this,  that  it  is  not  a  neutral  fait,  and  that  it 
preferves,  on  the  contrary,  all  the  properties  of  an  alkali. 
See  Nitre  Fixed  by  Arsenic. 

Mr.  Maequer  has  alfo  made  another  combination  of 
arfenic  with  deliquiated  fixeS  alkali.  Mention  is  made  of 
it  alfo  under  the  article  Salt  [Neutral  Arfenical).  There 
the  dirTcrences  are  fliewn  betwixt  thefe  two  combinations, 
although  formed  of  the  fame  fubftanccs. 

White  arfenic,  although  very  volatile,  is  partly  fixed  by 
the  adhefion  which  it  contracts  with  different  forts  of 
earths,  and  even  fo  far  as  to  fuftai.n  a  vitrifying  heat.  It 
facilitates  the  rufion  of  matiy  refractory  matters  ;  hence  it 
enters  into  the  comroiition  of  feveral  glaffes,  to  which  it 
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gives  much  whitenefs  and  clearnefs,  nearly  in  the  fame 
manner  as  borax  and  the  fedative  fait  do :  but  it  alio  has 
the  fame  inconvenience,  namely,  that  glafs,  in  which  a 
confiderable  portion  of  arfenic  enters,  is  very  quickly  cor- 
roded by  the  air. 

Dyers  employ  white  arfenic  in  feveral  of  their  operations  5 
but  the  effects  it  produces  are  not  yet  well  known,  and 
require  a  particular  examination.  Arfenic  and  its  regulus, 
being  capable  of  combining  with  all  metals,  is  employed  for 
feveral  metallic  compofitions ;  fuch,  for  inftance,  as  white 
copper^  and  white  tombac*    See  thefe  words. 

Arfenic  is  employed  fuccefsfully  for  making,  together 
with  copper  and  tin,  metallic  compounds  of  a  beautiful 
white  color,  and  of  a  vervdenfe  and  clofe  texture,  and  con- 
fequently  capable  of  receiving  a  fine  polifh,  of  reflecting 
well  the  rays  of  light,  and  of  being  formed  into  metallic 
mirrors. 

From  what  has  been  faid  concerning  the  properties  of 
arfenic,  we  may  conjecture  that  this  fubltance  is  a  metallic 
earth  of  a  particular  nature,  intimately  combined  with  a 
faline  and  even  acid  principle,  which  has  never  been  fepa- 
rated  from  it  by  any  chemical  trial,  which  accompanies  it 
in  its  combination  with  phlogifton  when  it  takes  a  metallic 
form,  and  which  adheres  to  it  when,  by  the  burning  of  this 
phlogifton,  it  becomes  again  white  arfenic. 

Thus  Becker,  without  having  been  acquainted  with  all 
the  properties  of  white  arfenic,  gives  an  idea  of  it  very  ana- 
logous to  this  conjec'ture.  He  defines  it  in  his  Subterranean 
Phyfcs,  M  a  fubftance  compofed  of  the  earth -of  fulphur 
*'  which  is  in  common  fait,"  (by  which  he  feems  to  mean 
the' acid  of  fea-falt)  "  and  of  a  metal  joined  to  it."  In 
aryather  place,  he  calls  it  "  a  coagulated  aqua-forlis."  And 
as  he  imagined  he  could  trace  every  where  his  mercurial 
earth,  or  at  leaft  fomething  mercurial,  he  calls  mercury  a 
fluid  arfenic.  He  confiders  mercury,  and  metals  precipi- 
tated by  marine  acid,  for  inftance,  luna  corneas  as  different 
kinds  of  artificial  arfenic. 

Arfenic  combines  with  fulphur,  and  forms  with  it  a  com- 
pound of  ayellowifh  tinge,  more  orlefs  red  according  to  the 
quantity  of  fulphur  with  which  it  is  united,  it  is  of  a 
beautiful  yellow  color*  when  the  fulphur  is  only  a  tenth  part 
of  the  mixture,  and  is  then  called  yeikzv  arfenic :  when  the 
fulphur  is  a  fifth  part  of  the  mixture,  it  is  of  a  very  beauti- 
ful red  color,  and  it- is  then  called  red  arfenic.  The  mixture 
of  fulphur  renders  it  a  little  more  Lxed  and  rnore  fufihle. 

Thus 
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Thus  red  arfenic  may  be  melted,  and  by  this  means  acquires 
tranfparency  :  it  then  refembles  a  ruby,  and  has  therefore 
been  called  Ruby  of  fulphur,  or1  arfenkal  ruby. 

All  thefe  compounds  of  arfenic  and  fulphur  are  artificial. 
They  are  prepared  by  mixing  and  fubliming  thefe  two 
fubftances  together  in  the  proportions  above  mentioned, 
or,  ftill  better,  in  fubliming  together  the  fulphur  and 
arfenic  of  thofe  minerals  which  contain  thefe  two  fubftances. 

Natural  compounds  are  alfo  found,  which  are  combinations 
of  fulphur  and  of  arfenic,  nearly  of  the  fame  colors  as  the 
red  and  yellow  artificial  arfenics.  They  come  from  the 
Eaft,  from  Tranfylvania,  and  Turkey.  The  yellow  are 
called  orpiment,  orpin,  and  yellow  rizigal:  the  red  are  called 
fandarach,  realgar,  or  red  rizigal, 

Agricola,  Mathiole,  Schrodor,  feem  to  have  confounded 
the  red  and  yellow  artificial  arfenics  with  the  native  and 
after  them  moft  chemifts  and  naturalifts  have  alfo  confounded 
.them ;  a  confufion  for  which  they  have  been  reproached  by 
Hoffman,  chiefly  becaufe  he  was  convinced  that  native  orpi- 
ment  and  realgars  are  not  poifonous,  like  the  yellow  and  red 
artificial  arfenics,  from  experiments  which  he  had  made  ort 
purpofe. 

On  this  fubjecl:  we  mull  remark,  that,  notwithftanding 
Hoffman's  experiments,  which  were  made  only  once  or 
twice  upon  dogs,  it  would  be  very  imprudent  to  give  the 
native  orpiment  or  realgars  internally :  particularly  as  all 
chemical  trials  mow  that  they  contain  an  arfenical  prin- 
ciple; and  that  Hoffman  himfelf  agrees,  that  when  they 
have  been  expofed  to  fire,  they  become  very  violent  poifons. 

Hoffman  alfo  remarks,  that  the  ancient  phyficians  did  not 
fcruple  to  give  internally  orpiment  and  realgar,  and  juftifies 
thern  from  the  reproaches  thrown  upon  them  by  moderns* 
But  we  muft  obferve,  that  the  ancients  were  unacquainted 
with  white,  red,  and  yellow  arfenics,  which  have  been  well 
known  only  within  thefe  two  hundred  years ;  and  that 
if  they  had  known  the  effects  of  thefe  poifons,  and  their 
refemblance  to  the  native  orpiments  and  realgars,  they 
would  probably  have  been  lefs  bold.  Diftruft  is  as  com- 
mendable as  boldnefs  is  blameable  in  thofe  matters,  the 
almoft  infenfible  differences  of  which  may  occafion  the  moft 
troublefome  accidents.  For  this  reafon,  we  cannot  approve 
of  the  fingular  fecurity  with  which  fo  great  a  phyfician,  as 
Hoffman  was,  endeavours  to  infpire  a  confidence  for  fa 
fufpicious  drugs  as  native  orpiment  and  realgar. 

We 
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We  do  not  however  mean  to  fay,  that  there  is  no  eflential 
difference  betwixt  native  orpiment  and  yellow  arfenic.  It 
is  even  agreed  that  the  arfenic  contained  in  the  orpiment  is 
better  united  with  the  fulphur,  and  is  befides  in  a  lefs  pro- 
portion :  for  one  part  of  orpiment  appears  to  be  compofed 
of  a  fparry  ftone  and  mica,  from  which  it  receives  a  foliated 
and  mining  form. 

When  arfenic  is  combined  with  fulphur,  a  part  of  the 
fulphur  may  be  feparated  from  it  merely  by  fublimation, 
feecaufe  it  is  more  volatile  than  arfenic.  But  fome  of  the 
fulphur  always  remains  united  with  the  arfenic,  from  which 
it  cannot  be  feparated  but  by  an  intermediate  fubftance. 

Fixed  alkali  and  mercury  are  two  intermediate  fubftances 
proper  for  this  operation. 

When  fixed  alkali  is  ufed,  it  mufr.  previoufly  be  deli- 
quiated  or  refolved  into  a  liquid,  and  with-this  the  ful- 
phurated  arfenic  is  to  be  made  into  a  pafte.  This  pafte  is 
to  be  fublimed  in  a  proper  vefTel  with  a  heat  gradually  raifed. 
The  arfenic  then  fublimes  in  white  flowers.  When  too 
much  alkali  is  added,  lefs  arfenic  is  obtained  :  becaufe  fome 
of  the-  arfenic  is  retained  by  the  part  of  the  alkali  which 
is  unfaturated  with  fulphur.  A  liver  of  fulphur  is  found 
at  the  bottom  of  the  velTel  after  the  operation. 

When  mercury  is  employed  for  this  feparation,  it  muft 
be  triturated  and  mixed  with  the  fulphurated  arfenic,  and 
the  mixture  fublimed.  Firft  the  arfenic  rifes,  then  cinna- 
bar. All  the  metallic  matters  which  have  a  ftronger  affi- 
nity than  mercury  to  fulphur  may  feem  capable  of  being 
employed  for  this  purpofe  ;  but  there  are  two  objections. 

1.  They  have  alfo  a  confiderable  affinity  with  arfenic, 
and  mercury  has  none. 

2.  Arfenic  has  the  remarkable  property  of  taking  from  all 
metallic  matters,  excepting  gold,  filver,  and  mercury,  a 
part  of  their  phlogifton ;  fo  that  it  would  be  fublimed  half 
regulifed. 

In  the  operation  by  mercury,  a  part  of  the  cinnabar  fre- 
quently rifes  with  the  arfenic  $  which  makes  it  neceffary  to 
fublime  it  a  fecond  time. 

Arfenic  is  foluble  in  all  acids,  and  with  them  forms  com- 
binations which  have  not  yet  been  fufficiently  examined. 
The  vitriolic  acid  has  the  property  of  rendering  it  much 
more  fixed  than  it  naturally  is  :  an  efFect  which  it  alfo  pro- 
duces upon  mercury. 

If  a  mixture  of  arfenic  and  concentrated  vitriolic  acid  be 
diitilled  toget;her3  a.  vitriolic  acid  is  obtained,  which,  as 
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Mr.  Macquer  obferves,  has  fometimes  the  exact  fmell  of 
marine  acid.  When  this  folution  is  diftilled  till  no  more 
acid  rifes,  the  retort  is  then  almoft  red-hot,  and  no  arfenic 
is  fublimed  ;  but  it  remains  fufed  at  the  bottom  of  the 
retort;  and  when  it  is  cold,  it  is  found  to  be  one  heavyr 
compact  mafsj  brittle  and  tranfparent  as  cryftal-glafs.  This 
kind  of  arfenjeal  glafs  expofed  to  the  air  foon  lofes  its  luftre 
from  the  moifture  it  attracts,  which  diffolves  and  partly 
deliquiates  it.    This  deliquium  is  extremely  acid. 

Arfenic  treated  with  phlogifton  in  a  proper  manner  com- 
bines with  it,  and  aflumes  all  the  properties  of  a  very  vola- 
tile femi-mctal,  of  a  white  mining  color,  more  or  lefs  upon 
the  grey.  This  fubftance  is  called  Regulus  of  Arfenic.  See 
this  word  for  the  mariner  of  making  this  regulus^  and  for  its  pro- 
perties. 

The  arfenic  fold  in  commerce  is  brought  chiefly  from, 
the  cobalt  works  in  Saxony  for  making  Zaffcry  and  Smalt. 
Cobalt  contains  much  arfenic,  which  muft  be  feparated 
from  it  by  a  long  torrefadtion,  and  which  would  be  loft  but 
for  a  particular  contrivance  for  the  collecting  it. 

For  this  purpofe,  cobalt  is  roafted  in  a  vaulted  oven,  to 
which  is  adj ufted  a  long  crooked  chimney.  The  arfenic  in 
vapors  paffes  along  this  chimney,  and  is  there  collected  j 
the  arfenic  which  attaches  itfelf  to  the  coldeft  and  morfc 
diftant  part  of  the  chimney  is  in  form  of  a  white  or  grey 
powder,  called  Flowetsy  or  Meal  of  Arfenic  whereas  that 
part  of  the  arfenic  which  adheres  to  the  hotteft  part  of  the 
chimney,  and  leaft  remote  from  the  furnace,  fuftains  there 
a  kind  of  fufion  by  which  it  is  reduced  into  compact,  heavy* 
white  mafTes  refembling  white  enamel.  Thefe  mafles  of 
tvhite  arfenic  are  almoft  always  interrupted  by  yellow  or 
y  r  iyifc  veins  and  ftrata.  Thefe  colors  proceed  from  a  little 
fulphur  or  phlogifton  with  which  this  part  of  the  arfenic  is 
ftill  united. 

As  arfenic  is  feldom  obtained  in  the  great  works  entirely 
free  from  fulphureous  or  phlogiftical  particles,  if  it  be  re- 
quired perfectly  pure  in  operations  of  chemiftry  or  of  arts,  it 
muft  be  again  fublimed  after  mixing  it  with  fome  interme- 
diate fubftance  capable  of  abforbing  its  inHammable  parts, 
fuch  as  fixed  alkali  or  abforbent  earth. 

Arfenic  is  a  very  violent  corroitve  poifon  :  it  produces 
always  the  mcft  painful  fymptoms  and  fatal  effects,  whether 
it  be  taken  internally  or  applied  externally.  It  ought  never 
to  be  employed  medicinally,  although  fome  people,  not 
very  intelligent,  give  fmall  dofes  of  it  in  obftinate  inter- 
mittent 
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snittent  fevers,  which  it  effectually  cures,  but  is  always 
attended  with  bad  confequences  to  the  patients,  fuch  as 
pthifis,  and  other  no  lefs  troublefome  difeafes. 

Perfons  poifoned  by  arfenic  fuffer  acute  pains  in  their 
bowels,  violent  vomitings,  cold  fweats,  fyncopes,  and  con- 
vulfions,  which  are  always  followed  by  death,  unlefs  pre- 
vented by  fpeedy  remedies.  The  ben:  antidotes  to  this 
poifon  are  large  quantities  of  diluting  and  foftcning  drinks, 
as  mucilages,  oil,  milk.  Perhaps  abforbent  and  alkaline 
matters  would  alio  produce  good  effects,  from  the  property 
which  arfenic  has  of  combining  with,  and  in  fome  meafure 
of  being  neutralized  by,  thele  fubftances. 

-  When  the  bodies  of  perfons  killed  by  arfenic  are  examined* 
their  ftomachs  and  inteflines  are  found  covered  with  red, 
black,  livid,  inflamed  and  gangrenous  fpots.  Frequently 
alfo  arfenic  is  found  there  in  fubilance,  which  may  eafily  be 
diftinguiftied  by  its  alliaceous  fmell,  when  put  on  burning 
coals,  or  a  red-hot  iron. 

Mr.  Geoffroy's  Table  does  not  mew  the  affinities  of 
arfenic.  In  Mr.  Gellert's  they  are  zinc,  iron,  copper,  tin, 
lead,  filver,  gold,  and  regulus  of  antimony,  (b) 

ASA- 

(h)  Neuman  relates  that  arfenic  precipitated  almoft  all  metal- 
lic folutions,  but  moft  of  them  very  (lowly.  Silver,  iron,  cop- 
per, tin,  lead,  mercury,  bifmath,  were  precipitated  from  aqua 
fortis,  and  gold  from  aqua-regia.  Solutions  of  mercury  cor,rciive 
fublimate,  of  copper  in  aqua  regia>  of  zinc  in  aqua-fortis,  and  of 
regulus  cf  antimony  fufFered  no  precipitation.  Solutions  in  vitrio- 
lic acid  of  zinc  and  of  iron  were  precipitated,  of  copper  very  little. 
Sugar  of  lead,  and  folutions  of  fulphur  with  quicklime  or  nxed 
alkali  were  precipitated.  The  fame  author  further  relates,  that 
arfenic  was  not  precipitated  from  its  folution  in  vitriolic  or  ni- 
trous acids  by  oil  of  tartar  or  by  volatile  alkali,  but  it  was  preci- 
pitated from  marine  acid  by  oil  of  tartar. 

Arfenic  is  ufed  for  many  purpofes  ;  by  dyers,  as  an  ingredient 
in  compofitions  for  fcarlets  and  other  fine  reds ;  by  goldfmiths,  for 
enamelling;  by  makers  of  glafs,  for  promoting  the  fufion  of  fritt„ 
and  the  clearnefs  and  transparency  of  glafs  ;  and  in  the  compo- 
lition  for  making  white  opake  glafs,  or  foft  enamel ;  by  potters, 
for  glazing  ;  by  effayers,  in  form  of  glafs,  for  promoting  the  fco- 
rification  of  ores  which  contain  tin  and  antimony,  for  the  prepa- 
ration of  compound  metals,  and  for  whitening  copper  and  brafs. 
Neuman  fays,  that  a  beautiful  metal  like  the  fineft  fteel  may 
be  made  by  melting  call  iron  with  arfenic,  glafs,  and  a  little 
tin  ;  and  that  a  metal  refcmbling  filver  may  be  made  from  iron, 
tin,  arfenic,  and  perhaps  a  little  copper.   Mr.  Brandt  {AftJJpfal. 
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AS  A-FCETID  A.  (i) 
ASBESTUS.    (k)  . 

ASHES.  This  name  is  generally  applied  to  the  fub-1 
fiance  remaining  of  bodies  containing  an  inflammable 
matter,  of  which  they  have  been  deprived  by  burning,  or 
calcination  in  open  air.  Thus  workmen,  without  under- 
flanding  chemiftry,  and  induced  merely  by  analogy  or 
refemblance,  apply  the  name  of  ajhes  to  metallic  earths  thus 
calcined.  Pewterers,  for  example,  give  the  name  Tin-ajhes, 
to  the  earth'  of  tin  which  in  fufion  has  been  deprived  of  its 
phlogifton  and  metallic  properties.  If  workmen  had  always 
applied  names  as  properly  as  they  have  done  this,  they 
could  not  have  been  blamed.    See  Combustion. 

ASH-HOLE.  The  am-hole  is  the  loweft  part  of  a 
furnace,  and  is  intended  to  receive  the  afhes  falling  from  the 
fire,  and  to  give  a  pafTage  to  the  air  which  is  to  be  intro- 
duced into  the  furnace,  to  keep  up  the  combuftion.  See 

FUKN'ACE. 

A  THAN  OR.  Chemifts  have  diftinguimed  by  this 
name  a  furnace  fo  conflrucled  that  it  can  always  maintain 
an  equal  heat,  and  which  fhall  laft  a  long  time  without 
addition  of  frefht  fuel. 

The  body  of  the  athanor  has  nothing  in  it  particular,  and 
is  conftrucled  like  ordinary  furnaces.  But  at  one  of  its- 
fides,  or  its  middle,- there  is  an  upright  hollow  tower,  whick 
communicates  with  the  fire-place  by  one  or  more  Hoping 
openings.  This  tower  ought  to  have  a  lid  which  exactly 
clofes  its  upper  opening. 

1733)  propofes  to  make  a  varnifh  fcr  fhips,  of  arfenic  with  pitchv 
fulphur,  or  roiin,  to  preferve  the  timber  from  rotting,  and  from 
worms. 

ft}  As  a-foetida  is  a  gum-refin,  from  four  ounces  of  which 
rectified  fpirit  is  capable  of  extracting  two  ounces  £x  drams  and  a 
hair  of  rcftnous  extract ;  and  water,  one  ounce  three  (cruples  and 
a  half  of  2/Jmmy  extracl:.  Four  ounces  of  afa-fcetida,  diftille&: 
either  with  water  or  with  fpirit,  yield  above  a  dram  of  effential- 
oil,  in  which  its  peculiar  fmell  reHdes.  NeUman. 

(k)  Asbestus  is  a  grey,  greenifh  or  blackifli  ftone,  pofTefTed" 
cf  the  fame  chemical  properties  as  amianthus,  and  is  therefore 
referable  to  the  fame  clafs  of  earths.  See  Amianthus.  The 
chief  differences  betwixt  thofe  two  ftones  are,  that  afbeftus  is 
heavier  than  amianthus,  and  its  fibres  are  more  hard  and  brittle. 

Falfe  afcefius-  is  a  name  given  to  plume- alum.  See  Alum- 
(Plume). 
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When  the  athanor  is  to  be  ufed,  as  much  lighted  coal  is 
put  in  the  fire-place  as  is  judged  neceflary,  and  the  towef 
is  filled  to  the  top  with  unlighted  fuel.  The  tower  is 
then  to  be  exactly  clofed  with  its  lid.  As.  faff,  as  the  coal 
in  the  fire-place  is  confumed,  that  in  the  tower  falls  down 
and  fupplies  its  place.  As  the  coal  contained  in  the  tower 
has  no  free  communication  with  the  external  air,  it  cannot 
burn  till  it  falls  into  the  fire-place.  , 

The  athanor  being  much  celebrated  and  ufed  by  ancient 
Cnemifts,  it  has  been  particularly  defcribed  by  many  authors, 
and  was  formerly  found  in  all  laboratories.  At  prefent  this 
furnace  is  much  lefs  employed,  and  is  even  neglected.  The 
Jreafon  of  this  is,  that  all  the  ancient  chemifts  were  in  fearch 
of  the  art  of  making  gold  ;  and  being  excited  -by  this  power- 
ful defire,  and  confidence  of  fuccejfs,  they  fpared  no  trouble 
nor  expence  to  accomplish  their  defign,  '  They  undertook, 
without  hefitation,  operations  which  required  great  length 
of  time  and  unremitted  hsat.  Whereas  now,  thefe  alluring 
hopes  having  vanifhed,  the  cultivators  of  chemiflry  have 
no  other  view  than  to  extend  and  perfect  the  theory  of  this 
effential  part  of  natural  philofophy.  This  motive,  altho* 
undoubtedly  much  nobler  than  the  forme/f  fcfems  however 
to  be  lefs  powerful  over  moir  men.  For  now,  all  lono-  and 
laborious  operations  whence  chemiftry  might  receive  great 
advantages,  are  neglected,  as  being  tirefome  and  difguftfuK 
There  is,  in  facl,  a  confiderable  difference  betwixt  the 
hope  of  explaining  a  philofophical  phenomenon,  and  that  of 
obtaining  an  ingot  of;  gold  capable  of  producing  many 
others.  Hence  the  inftruments  employed  in  lono-  opera- 
tions, and  particularly  the  athanor  *  are  now  much  neglected; 
and  alfo  becaufe  the  fuel  in  the  tower  is  apt  to  flick 
there  or  fall  down  at  once  in  too  great  quantity.  The 
Lamp-furnace,  which  is  a  true  athanor,  may  be  fuccefsfully 
employed  in  operations  which  do  not  require  much  ilea  t. 
See  Furnace  (Lamp).  (I) 
AURUM  MOSAICUM.  (m) 

AZURE. 

(I)  See  Plate  II.  %.  2.  which  reprefents  an  athanor. 

(m)  Aurum  Mosaicum  or  Musivum,  or  Musicum,  is  a 
chemical  preparation  confifting  of  beautiful  gold-colored  flakes* 
It  may  may  be  prepared  by  the  following  procefs.  Take  of  tin 
twelve  ounces,  flowers  of  fulphur  feven  ounces,  of  fa!  ammoniac 
fix  ounces,  of  purified  mercury  fix  ounces.  Melt  the  tin  and  add 
the  mercury  to  it.  and  when  the  mixture  is  cold,  powder  it,  and 
mix  with  it  the  fal  ammoniac  and  fulphur.   Sublime  the  mixture 
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Azure.   The  word  azure,  which  at  prefent  fignifieS 

in  general  a  line  blue  color,  was  formerly  appropriated  to 
Lapis  Lazuli ,  called  azure  Jlone,  and  to  the  blue  prepared 
from  it.  But  fmce  a  blue  has  been  extracted  from  cobalt* 
cuftom  has  applied  to  it  the  name  of  azure,  although  it 
differs  confiderably  from  the  former,  and  is  incapable  of 
being  ufed  for  the  fame  purpofes,  and  particularly  for  paint- 
ing in  oil.  The  former  at  prefent  is  called  Lapis  Lazuli, 
or  only  lapis,  and  the  blue  prepared  from  it  for  painting  in 
oil,  is  called  Ultramarine. 

The  name  azure  is  generally  applied  to  the  blue  glafs 
made  from  the  earth  of  cobalt  and  verifiable  matters.  This 
glafs,  which  is  called  Smalt  when  in  maffes,  is  called  azure 

a  matrafs.  The  aurum  mofaicum  will  be  found  under  the  fubK- 
mate  with  fome  drofs  at  the  bottom. 

Mr.  Peter  Wolfe  has  given,  in  the  Phil.  T ran/,  'vol.  6 1,  an  expla- 
nation of  the  above  procefs.  He  fays,  that  as  foon  as  the  mixture 
grows  warm,  the  tin  a£ts  on  the  fal  ammoniac,  and  fets  free  its 
volatile  alkali,  which  having  a  great  affinity  with  fulphur,  joins 
with  a  great  part  of  it,  rifes  in  the  fublimation,  and  is  totally 
diflipated :  That  the  portion  of  tin  which  afted  on  the  fal  ammo- 
niac and  fet  free  its  volatile  alkali,  unites  with  the  marine  acidof 
the  fal  ammoniac,  and  forms  a  fait  of  tin  which  fublimes :  That 
the  mercury,  which  was  added  only  to  divide  the  tin,  unites  with 
fome  of  the  fulphur,  and  fubliming  forms  a  cinnabar  :  and  laftly, 
that  the  remaining  tin  unites  with  the  remaining  fulphur,  and 
forms  the  aurum  mofaicum.        "  ^ 

According  therefore  to  this  explanation,  the  aurum  mofaicum 
confifts  only  of  tin  and  fulphur  combined  together ;  the  ufe  of 
the  fal  ammoniac  being  only  to  prevent  the  furlon  of  the  fulphur, 
and  the  ufe  of  the  mercury  being  to  divide  the  tin.  Accordingly, 
the  fame  ingenious  chemift  fhews  that  aurum  mofaicum  may  be 
prepared  without  mercury  and  fal  ammoniac.  He  alfo  obferves 
that  not  only  tin,  but  alfo  other  metallic  fubftances  may  be  made 
to  combine  by  firnilar  procefles  with  a  greater  quantity  of  fulphur 
than  by  fufion.  Thus,  he  found  that  btfmuth  produces  a  golden- 
coloured  compound,  and  that  iron,  copper,  lead,  and  regulus  of 
antimony  formed  black  mafles. 

Aurum  mofaicum  has  no  tarle,  is  unfoluble  in  water,  or  by 
acids,  or  by  liquid  alkalis.  But  by  fufion  with  fixed  alkali,  it 
forms  a  yellow  hepar,  foluble  in  water.  Aurum  mofaicum  defla- 
grates with  nitre,  as  tin  itfelf  does. 

Aurum  mofaicum  is  ufed  as  a  pigment,  being  of  a  fine  golden- 
colour,  and  is  alfo  mixed  with  melted  glafs  to  imitate  the  fpangles 
of  lapis  lazuli;  for  which  latter  purpofe,  mining  talk  is  alfo 
employed. 
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only  when  it  is  reduced  to  a  fine  powder.  Several  kinds  of 
azure  are  diftinguifhed,  according  to  its  degrees  of  beauty, 
by  the  names  of  Fine  Azun,  Powdered  Azurey  and  Azure  of 
Four  Fires.  In  general,  the  more  intenfe  the  color,  and 
the  finer  the  powder,  the  more  beautiful  and  dear  it  is. 
Azure  is  employed  to  color  ftarch ;  hence  it  has  alfo  been 
called  Starch-Blue.  It  is  ufed  for  painting  with  colors  and 
for  a  blue  enamel.  See  Cobalt,  Smalt,  Zaffre.  See 
alfo  Lapis  Lazuli. 


BALANCE  (HYDROSTATICAL).  The  hy- 
droftatical  balance  is  an  inftrument  by  which  the  fpe- 
cific  gravity  of  bodies  is  determined.  For  this  purpofe  it  is 
necefiary  to  find  how  much  any  given  quantity  of  a  body, 
whofe  fpecific  gravity  is  required,  lofes  of  its  abfolute  gra- 
vity when  plunged  into  a  fluid.  All  liquid  fubftances  are 
proper  to  determine  fpecific  gravities,  becaufe  thefe  gravi- 
ties are  only  relative  :  but  water  has  been  generally  em- 
ployed for  this  purpofe,  becaufe  it  is  the  moll  common 
liquid,  and  moft  conftantly  of  a  nearly  uniform  weight. 

When  a  body  is  to  be  weighed  in  water,  it  is  fufpended 
to  one  of  the  arms  of  a  balance,  to  the  other  arm  of  which 
is  fixed  an  ordinary  fcale,  and  in  this  fcale  weights  are  to 
be  put  fufficient  to  maintain  an  equilibrium  with  the  body 
fufpended  in  air.  The  weight  necefiary  for  this  purpofe  is 
to  be  obfcrved  and  remembered.  Then  the  fame  body  ftill 
fufpended  at  the  arm  of  the  balance,  and  counterpoised  by 
the  weights  in  the  fcale,  is  to  be  immerfed  in  water,  by 
which  the  equilibrium  is  deftroyed,  and  the  balance  in- 
clines to  the  fide  of  the  weights.  The  weights  are  there- 
fore to  be  diminimed  till  an  equilibrium  is  reftored  with 
the  body  funk  entirely  in  water.  The  difference  betwixt 
the  weights  of  the  fame  body  weighed  in  air  and  in  water, 
^determines  its  fpecific  gravity. 

It  is  proper  to  obferve  upon  this  fubject,  i.  That  water 
can  determine  the  fpecific  gravity  of  bodies  only  which  are 
fpecifically  heavier  trian  itfelf.  For  it  is  certain,  that  if 
they  were  lighter  than  water  they  could  not  fink  in  it  bv 
their  own  weight,  which  is  necefiary  for  the  experiment. 
In  this  cafe  it  is  necefiary  to  employ  fome  liquid  lighter 
than  water,  fuch  as  ethereal  oils,  fpirit  of  wine,  or  ether. 

2.  It  is  proper  to  remark  on  the  fubjecl:  of  the  hydrofta- 
tical  balance,  that  it  can  be  employed  conveniently  for 
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folid  bodies  only,  becaufe  th#  fluids  cannot  be  weighed  in 
water  but  by  means  of  fome  vefTel  which  muft  be  immerfed 
along  with  them.  But  this  vefTel  having  its  peculiar  fpe- 
cific- gravity  would  render  a  troublefome  calculation  necef-^ 
fary.  Another  method  is  then  generally  ufed'to  determine 
the  fpecific  gravity  of  liquids. 

.  3.  If  the  folid  body,  whofe  fpecific  gravity  is  to  be  de- 
termined, be  foluble  in  water,  as,  for  inftance,  a  lump  of 
fait,  water  could  not  be  employed  for  this  experiment,  be- 
caufe  a  quantity  of  it  would  be  diflblved  during  the  time  of 
weighing ;  by  which  an  error  would  be  occcafioned  fo 
much  greater  as  there  was  more  of  the  foluble  body  dif- 
folved.  In  this  cafe  then  it  is  necefTary  to  ufe  fome  other 
liquid  which  cannot  difTolve  the  body,  or  elfe  not  to  employ 
the  hydroftatical  balance,  but  the  fame  method  by  which  the 
fpecific  gravity  of  liquids  is  difcovered.  See  Gr.AV.ITY, 
Gravity  (Absolute),  Gravity  (Specific). 

E  ALLS  (MARTIAL).  Martial  Balls  are  a  mixture 
of  filings  of  iron  and  of  cream  of  tartar  formed  into  a  folid 
confidence  and  form  of  a  ball,  which  is  ufed  to  impregnate 
water  or  other  liquids  with  iron  diflblved  by  the  tartareous 
jtcid.  To  make  thefe  balls,  one  part  of  filings  of  iron  and 
two  parts  powdered  cream  of  tartar  are  mixed  well  together, 
and  put  into  an  earthen  or  iron  vefTel  with  fome  water. 
This  mixture  is  to  be  ftirred  from  time  to  time,  till  it  be- 
comes almofl  dry,  and  then  it  is  to  receive  more  water, 
and  to  be  furred  as  before.  '  This  treatment  is  to  be  con- 
tinued till  it  acquires,  when  nearly  dry,  fomewhat  of  the 
confidence  and  tenacity  of  foftened  rofin.  Then  it  is  to 
be  rolled  up  into  the  form  of  a  ball,  which  is  generally  kept 
tyed  up  in  a  rag,  and  when  intended  to  be  ufed,  it  is  to 
be  infilled  in  water,  till  it  gives  fome  color  to  that  liquid. 

The  infufion  of  martial  balls  is  tonic,  vulnerary,  dif- 
cutient,  and  aperitive  ;  and  is  employed  both  internally  and 
extern:,'; Iv.    See  Iron. 

Iron  being  fallible  in  all  acids,  is  attacked  in  this  prepa- 
ration by  the  tartareous  acid,  which  reduces  it  to  a  kind  of 
neutral  fait  not  cryfrallizable.  This  fait  would  remain 
liquid,  and  would  form  a  foluble  martial  tartar,  called  Tar- 
tarifed  Tincture  of  Mars.  If  proper  proportions  of  filings  of 
iron  and  ecearn  of  tartar  be  ufed,  and  treated  long  enough 
for  an  entire  and  complete  combination,  nothing  would 
be  obtained  but  a  liquor  or  magma,  which  could  not  be 
preferved  in  a  folid  forni,  but  would  be  continually  moift. 
Therefore  in  the  martial  ball  there  is  a  good  deal  of  the 
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.cream  of  tartar  and  filings  of  iron. not  combined  together? 
by  which  its  folidity  is  preferved. 

Hence  it  follows  that  the  infufion  of  the  martial  ball  is 
entirely  of  the  fame  nature  as  the  tartarifed  tindture  of 
Mars;  and  therefore  thefe  preparations  may  be  fubftituted 
for  each  other.   .See  Tincture  of  Mars  (Tartarised). 

BALLS  (MERCURIAL).  Mercurial  balls  are  an 
amalgam  of  mercury  and  tin,  fufneiently  folid.to  be  mould- 
ed, and  to  preferve  a  given  form. 

The  method  of  making  them  is  by  adding  mercury  to 
melted  tin,  and  pouring  the  fluid  mafs  into  a  round  and 
hollow  mould. 

Thefe  balls  are  employed  to  purify  water,  in  whfch  they 
are  boiled  ;  for  which  purpofe  travellers  often  carry  fome 
.along  .with  them. 

BALLOON.  This  name  is  given  to  glafs  bottles,  or  re- 
ceivers, which  are  generally  round  like  hollow  fpheres,or  like  i 
foot-balls,  called  in  French,  B  dons^  whence  they  are  named. 

In  a  laboratory  there  ougfrt  to  be  balloons  of  different 
fizes,  capable  of  containing  from  a  quart  of  water  to  fifteen 
or  twenty  pints.  The  large  balloons  are  employed  in  diftil- 
lations  in  great,  being  capable  of  containing  much,  and 
having  necks  wide  enough  to  admit  thole  of  large  retorts. 
For  the  contrary. reafons,  fmall  balloons  are  employed  when, 
a  little  matter  is  to  .be  diftilled. 

Large  balloons  are  alfo  necefTary  when  the  -vapors  dif- 
. engaged  during  the  difti1lation  are  very  elaftic'  and  diffi- 
cult to  be  condenfed  ;  becaufe  fuch  vapors  wTould  not 
find  in  fmall  vefTels  fufficient  fpace  to  circulate  and 
condenfe ;  hence  they  would  either  burft  the  vefTel,  or 
if  a  vent  was  given  them  to  prevent  that  accident,  they 
would  be  entirely  diflipated  and  loft.  Notwithilanding  the 
fize  of  the  balloons  employed,  fo  much  air  is  difengaged 
during  the  diftiilation  of  certain  hard  bodies,  vegetable  and 
animal,  fuch  as  wood,  tartar,  hartfnorn,  &,c.  and  the  va- 
pors of  certain  acids^  fuch  as  the  fmoking  fpirits  of  nitre 
and  of  fea-falt,  are  fo  elaflic  and  expanfible,  that  a  fmall 
hole  in  the  fide  of  the  balloon  is  frequently  nccellary  to 
to  give  vent  to  thofe  vapors  :  Afterwards  this  hole,  which 
.ought  to  be  about  half  a  line  in  cjiameter,  is  to  be  clofed. 
with  a  peg  of  wood,  or  fome  lute. 

It  is  to  be  wifhed,  that  in  the  glafs-.houfes  where  chemical 
veffels  are  made,  it  was  the  cuftom  always  to  make  fuch 
holes  in  the  balloons;  which  might  eafily  be  done  by  a 
pointed  inflrument,  while  the  glafs  is  ftill  hot  and  fpft.  Inftead 
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of  this  practice,  chemifts  are  themfelves  obliged  to  drill 
holes  through  the  baloons  with  confiderable  difficulty  and 
hazard  of  breaking.  This  operation  is  performed  in  the 
following  manner. 

The  moft  convenient  part  for  drilling  this  hole  is  nearer  the 
neck  than  the  bottom  of  the  balloon,  and  for  this  purpofe  one 
of  thofe  bubbles  which  are  always  found  in  glafs  is  chofen. 

This  bubble  is  fir  ft  of  all  cut  or  brok-  by  the  pointed 
single  of  a  flint,  and  afterwards  the  hole  is  to  be  completed 
by  turning  this  pointed  flint  always  in  the  fame  place. 
Mr.  Beaume  obferves,  that  when  an  entry  is  once  made  by 
the  flint,  the  hole  may  be  better  finifhed  by  a  triangular 
drill  with  a  ftrong  hard  tempered  fteel  point,  becaufe  the 
angular  points  of  the  flint  are  continually  breaking,  by 
which  the  operation  is  prolonged,  (n) 

For  certain  operations  balloons  with  two  necks  placed 
©ppolite  to  each  'other  are  ufed..  One  of  thefe  ought  to  be 
large  enough  to  receive  the  neck  of  the  retort,  and  the 
other  to  enter  the  neck  of  a  fecond  balloon.  Thefe  two 
joinings  muft  be  well  luted  together.    See  Lute. 

This  apparatus  is  called  Enfiladed  Balloons.  Their  ufe  is 
to  encreale  the  whole  fpace  of  the  receiver,  becaufe  any 
number  of  thefe  may  be  adjufted  to  each  ether  ;  and  as  they 
^communicate  with  each  other,  their  capacity  is  fo  much 
larger  as  their  number  is  greater.  But  good  artifts  feldom 
ufe  fo  troublefome  an  apparatus.  The  only  one  of  thefe 
veffels  which  is  generally  ufed,  is  a  fmall  oblong  balloon 
with  two  necks,  which  is  to  be  luted  to  the  retort  and  to  the 
great  balloon.  It  ferves  to  remove  this  receiver  from  the  body 
of;  the  furnace,  and  tohinder  it  from  being  expofed  to  too  great 
heat.  This  fmail  balloon  with  two  necks  is  called  an  Adopter. 
As  this  adopter  is  larger  in  its  middle  than  at  either  ex- 
tremity, it  fcrves  alfo  to  receive  folid  bodies,  and  to  prevent 
them  from  pafling  with  the  liquids  into  the  great  balloon. 
It  is  chiefly  in  diftillations  of  volatile  concrete  falts  that  the 
adopted  fe'rves  for  this  laft  purpofe.  See  Distillation 
end  Receiver. 

BALSAM.  By  balfams  are  meant  oily,  odoriferous, 
and  aromatic  matters,  liquid,  but  fomewhat  thick,  which 

(n )  Pierced  balloons,  receivers  and  retorts  are  commonly  made 
in  EngUfh  glafs-houfes.  But  as  chemifts  may  have  occalion  to  drill 
holes  through  glafs  vefiels,  it  may  be  proper  to  obferve,  that  this 
operation  may  be  bell  performed  with  a  copper  drill  and  emery, 
as  a  Heel  inftrument  occasions  vibrauons  apt  to  break  the  glafs. 

'  flow 
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flow  fpontaneoufly  from  certain  trees,  or  from  inciiions 
made  on  purpofe  to  obtain  a  larger  quantity. 

Thefe  balfams,  which  may  more  particularly  be  called  na- 
tural balfams,  to  diftinguifh  them  from  fome  compofitions  alfo 
called  balfams,  derive  their  liquidity  and  fmell  from  a 
greater  or  lefs  quantity  of  effential  oil  which  they  contain, 
and  which  may  be  extracted  by  diftillation  with  the  heat  of 
boiling  water.    See  Oils  (Essential). 

Balfams  may  be  even  confidered  as  true  effential  oils, 
which  have  loft  fome  of  their  odoriferous  principle,  and  of 
their  fineft  and  molt  volatile  part.  When  they  are  deprived 
of  their  remaining  part  of  volatile  oil,  their  refiduums  exactly 
refemble  thofe  which  remain  after  the  rectification  of  eflen- 
tial oils.  Thefe  refiduums  are  true  reflns,  from  the  analyfis 
of  which  the  fame  principles  are  obtained  as  from  natural 
refins ;  and  thefe  laft  are  nothing  but  balfams  exhaufted 
by  time,  or  by  the  action  of  the  air,  and  of  the  fun,  of  all 
their  odoriferous  and  volatile  parts. 

There  are  feveral  kinds  of  natural  balfams.  They  do  not 
eflentially  differ  from  each  other,  but  only  in  the  fmell  and 
degrees  of  confiftence.  The  fame  kind  of  balfam  alfo  fre- 
quently differs  with  refpect  to  the  degrees  of  thefe  two 
qualities. 

The  principal  natural  balfams  are  the  balfam  of  Mecca,  or 
the  white  balfam,  which  is  the  moll  rare  and  dear  of  all  ;  the 
balfam  ofTolu  and  of  Peru  in  /bells,  both  which  Mr.  Beaume 
conliders  as  the  fame  kind  of  balfam,  with  this  difference, 
that  the  firft  is  liquid,  and  the  fecond  is  almoft  dry;  the 
balfam  of  Copihu,  or  of  Copaiba,  vulgarly  Capivi ;  liquid 
fly  rax,  or florax ;  and  turpentines.  See  for  an  example  of  the  ana- 
lyfis a  fid  properties  of  all  thefe  balfams  the  word  Turpentine. 

BALSAM  0/ SULPHUR.  The  balfam  of  fulphur 
is  a  folution  of  fulphur  in  oil. 

Sulphur,  from  the  quantity  of  phlogiftorf  it  contains,  is 
infoluble  in  water  and  aqueous  liquors  :  but  it  is  capabls 
of  diffolving  in  oils,  which  alfo  contain  much  phlogifton. 

All  oils,  either  expreffed  or  effential,  can  diffolve  ful- 
phur :  to  make  this  folution,  the  oil  ought  to  be  poured  on 
the  fulphur  in  a  matrafs  placed  in  afand-bath,  and  fufHcient 
heat  applied  to  melt  the  fulphur,  according  to  Mr.  Beaume's 
obfervation,  who  kept  thefe  two  fubflances  a  very  long 
time  together  in  a  lefs  heat,  without  perceiving  any  fign  of 
folution. 

While  the  oil  is  diffolving  the  fulphur,  it  acquires  a 
reddifh  or  brown  color,  an  acrid  and  diiagreeablc  tafte,  and 
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a  ftrong  fetid  fmell  like  that  of  the  combination  of  oil  with 

vitrioiic  acid.  '  i 

As  water  can  diiTclve  only  a  determinate  quantity  of  fome 
falts,  and  as  this  quantity  is  greater  when  the  water  is  warm 
than  when  cold,  fo  alio  oils  can  difiolve  only  a  determinate 
^quantity  of  fuiphur,  and  this  quantity  is  greater  when 
heat  is  applied  :  hence  it  happens,  that  when  an  oil  is  fa- 
turated  with  fuiphur,  by  a  fuitable  heat;  a  part  of  the 
fuiphur  thus  diiiblved  feparatcs  from  the  oil,  when  the 
folution  cools,  and  coagulates  at  the  bottom  of  the  veflel 
in  a  cryitallized  form,  in  the  fame  manner  as  fome  falts  do, 
which  having  been  diilolved  in  boiling  water,  cry  flail  ize  on 
the  application  of  cold. 

The  portion  of  fuiphur  remaining  diiiblved  in  oil  is  in  a 
fmguLir  irate  ;  the  adhefion  of  its  conllituent  parts,  namely, 
the  vitriolic  acid  and  phlogirron,  feems  to  be  much  dimi- 
niihed  by  the  union  they  contract  with  the  principles 
of  the  oil.  Its  vitriolic  acid  unites  with  the  watery  part  of 
fhis  oil ;  .and  thus  thefe  two  principles  have  no  longer  the 
neculary  relation  to  each  other  for  the  formation  of  fuiphur. 
See  Sulphur.  .  x 

It  is  certain  at  leaft,  that  all  thefe  changes  happen  when 
the  balfam  of  fuiphur  is  diitiiled.  This  is  proved  by  the 
sinalyfis  which  Romberg  made  of  this  combination  :  for  by 
diitilling  it  with  a  very  flow  lire,  he  obtained  a  volatile 
iulphureous  acid,  a  vitriolic  acid  more  or  lefs  flrong  and 
Sulphureous,  fome  oil,  partly  fluid  and  partly  thick,  and  a 
charry  rehduum,  but  no  fuiphur.  This  is  a  proof  that  the 
fuiphur  was  decompofed  in  the  experiment,  as  all  the  fame 
produces  are  obtained  from  a  combination  of  vitriolic  acid 
with  oil,  when  the  oil  is  in  too  great  quantity  relatively  to 
the  acid. 

The  balfams  of  fuiphur  are  named  from  the  particular 
oils  which  enter  into  their  compontion.  Thus  if  a  balfam 
of  fulphur  be  made  with  the  eiTential  oil  of  turpentine,  it  is 
called  terebinthinaied  balfam  of  fuiphur  \  if  it  be  made  with 
the  e&cntial  oil  of  anifeed,  it  is  called  the  balfam  of  fuiphur 
ivith  ell  of  anifeed.  Thefe  are  the  two  moft  ufed.  The 
balfam  of  fuiphur  made  with  oil  of  nuts  is  called  Rutland's 
balfam  cf  fuiphur.    See  Sulphur. 

BASALTES-  (o) 

BASIS 

(a)  Basaltes  is  a  heavy,  hard  ftone,  chiefly  black  or  green, 
confifting  of  prifmatic  cryftuls,  the  number  of  the  fides  of  which 
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BASIS,  or  BASE.  Any  body  which  is  diflblved  by 
another  body,  which  it  receives  and  fixes,  and  with  which 
it  forms  a  compound,  may  be  called  the  balls  of  that 
compound.  Thus,  for  example,  the  bafes  of  neutral 
falts  are  the  alkaline,  earthy,  and  metallic  matters  which 
are  faturated  by  the  feveral  acids,  and  form  with  them 
thefe  neutral  falts.  In  this  fenfe  it  is  that  thefc  neu- 
tral falts  are  called  falts  with  earthy  bafes,  falts  with  alkaline 
bafes,  falts  with  metallic  bafes-,  alfo  the  appellations,  bafis  of 
alum,  bafts  of  nitre,  bafis  of  Glauber  s  fait,  bafis  of  vitriol,  &c. 
fignify  th  argillaceous  earth,  which,  with  the  vitriolic  acid, 
forms  alum  ;  the  vegetable  alkali,  which,  with  the  nitrous 
acid,  forms  nitre  ;  the  mineral  alkali,  which,  with  the 
vitriolic  acid,  forms  Glauber's  fait ;  and  the  metal,  which, 
with  the  vitriolic  acid,  forms  a  vitriol :  becaufe  thefe  fub- 
fiances  are  fuppofed  to  be  fixed,  unacHve,  and  only  yield- 
ing to  the  aclion  of  the  acids,  which  they  fix,  and  to  which 
they  give  a  body  and  conliftence. 

It  is  proper,  for  the  convcniency  of  chemical  language, 
to  retain  thefe  expreflions  :  but  thefe  bafes  muff,  not  be  con- 
sidered as  really  una£Hve;  for  in  every  combination  and 
folution  the  feveral  bodies  which  unite  are  equally  active, 
their  action  being  reciprocal.  They  difiblve  each  other; 
fo  that  it  is  as  proper  to  fay,  as  Mr.  Gellert  obferves, 
that  a  metal  or  an  earth  diflblves  an  acid,  as  that  an  acid 
difTolves  a  metal  or  an  earth  j  although  this  latter  mode  of 
exprcffion  be  more  general.  It  is  even  probable  that  the  dif- 
folving  power  which  the  more  weighty  and  fixed  bodies  have  is 
really  much  frronger  than  that  of  bodies  leis  weighty  and  fix- 
ed. This  is  certainly  fo  if  the  tendency  to  unite  be  only  an  ef- 
fect of  the  general  attraction  or"  gravitation  of  all  the  particles 
of  matter  to  each  other.    See  Combin  ation  and  Solution. 

BAT[H.  Chemifts  call  feveral  matters  which  they  em- 
ploy to  tranfmit  heat,  Baths.  The  matters  moft  frequently 
ufed  for  this  purpofe  are  water  and  fand. 

is  uncertain.  It  is  called  by  Englilh  mineralogies  cockle,  and  by 
Germans  fchorl.  its  fpecific  gravity  is  to  that  of  water,  as  3000 
or  upwards  to  1000.  It  is  confidered  by.  Wallerius  as  a  fpecies  of 
the  corneiis,  or  horn-rock,.  Cronftedt  enumerates  it  among  the 
earths  which  he  called  Garnet  earths.  Bafaltes  frequently -con- 
tains iron,  and  confilts  either  of  particles  of  an  indeterminate 
figure,  or  of  a  fparry,  ftriated,  or  fibrous  texture.  Black  bafaltes 
is  called  Lapis  Lydius,  r.nd  is  ufed  as  a  touchftone  to  mew  the 
colors  of  metals.  Bafaltes  has  a  flinty  hardnefs,  is  infoluble  by 
acids,  and  is  fufible  by  fire.    See  Garnet. 

When 
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When  water  is  employed  it  is  called  Balneum  Maria,  or 
waier-bath.  The  water-bath  is  much  ufed,  and  is  conve- 
nient for  many  operations. 

♦  As  w^ter,  when  expofed  to  fire  in  any  veffel  from  which 
it  can  evaporate,  does  only  receive  a  determinate  degree  of 
heat,  which  always  remains  the  iafne,  when  once  it  has 
arrived  to  ihe  boiling  heat,  it  follows,  that  by  the  water- 
bath  a  degree  of  heat  alwavs  equal  may  with  certainty  be 
transmitted.  Further,  this  degree  of  heat  being  incapabable 
cf  burning,  cr  of  communicating  an  empyreumatic  quality 
to  mutters  fufceptible  of  it,  the  water-bath  has  aifo  the 
advantage  of  not  expoling  fubftances  to  this  inconvenience. 
The  water-barh  may  hkewife  be  employed  fuccefsfully  for 
all  degrees  of  heat  inferior  to  that  cf  boiling  water.  See 
Alembic,  for  the  flrutiurs  of  the  water-bath. 

When  ver/els  in  which  diftiilations  and  digeftions  are 
made,  are  p-laoed  in  fand,  then  a  fand-bath  is  formed.  This 
intermediate  fubftance  is  alfo  very  convenient  to  moderate 
the  too  great  activity  of  the  naked  fire,  and  to  tranfmit  any 
degree  of  heat  from  the  weaker!  to  a  red  heat.  As  this  bath 
is  attinded  with  lefs  trouble,  and  requires  lefs  apparatus 
than  the  water-bath,  it  is  much  ufed  in  laboratories.  For 
the  fand-bath  nothing  is  requifite  but  an  earthen  or  iron 
veffel  filled  with  fine  fand.  This  vefTel  is  fitted  in  to  a 
furnace,  and  is  capable  of  containing  the  cucurbits,  retorts, 
matmfies,  or  other  vefi'els  containing  the  matter  to  be  ope- 
rated upon. 

The  only  baths  now  generally  ufed  in  chemiftry  are  thofe 
mentioned,  the  water  and  fand-baths,  becaufe  they  are  the 
moft  convenient,  and  are  fufiicient  for  all  the  operations 
which  do  not  require  a  naked  fire. 

Ancient  chemifts,  who  had  all  a  tincture,  more  or  lefs, 
of  alchemy,  and  who  for  that  reafon  were  much  more 
careful  and  laborious  in  their  operations,  ufed  many  dif- 
ferent baths,  in  c;der  to  apply  precifcly  the  required  degree 
of  heat.  They.ufed  the  vapor  of  water,  afhes,  dung,  the 
fubftance  remaining  after  the  fqueezing  of  grapes,  and 
whatever  they  imagined  moft  proper  for  their  purpofes  : 
hence  the  names  of  vapor-bath,  ajh-bath,  dung-bath,  bath  of 
a  horfe's  belly,  kc.  But,  as  we  have  faid,  an  intelligent 
and  experienced  artift.  may  very  well  perform  all  the 
chemica!  operations,  which  do  not  require  a  naked  fire,  by 
means  of  the  water  and  fand-baths.  See  Distillation 
and  Digestion. 

The 
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The  word  bath  is  alfo  ufed  in  another  fcnfe  to  fignify  the 
fuium  of  metallic  matters  in  certain  operations :  thus,  for 
example,  in  refining  or  cupelling,  the  metals  are  faid  to  be 
in  bath^  when  they  are  melted.    When  gold  is  purified  by 
antimony,  this  femi-metal  melted  is  called  by  fome  chemifts 
the  bath  of  gold.    Alchemifts,  who  confider  gold  as  the  king 
of  metals,  call  antimony  the  bath  of  the  king  on/yy  balneum 
folius  regis, ;  becaufe,  in  fact,  gold  only  can  refift  the  action 
of  antimony.     See  Purification  of  Gold  by  Anti- 
mony. 
BDELLIUM,  (p) 
BEE-GLUE,    (q)  . 
BEER.    Beer  is  a  fpirituous  liquor  made  from  any 
farinactous  grain,  but  generally  from  barley.    It  is,  pro- 
perly fpeaking,  the  wine  of  barley.    The  meals  of  any  of 
thefe  grains  being  digefted  with  a  fufficient  quantity  of 
water  to  extract  their  juices,  and  remaining  at  reft  in  a 
degree  of  heat  requiiite  for  the  fpirituous  fermentation^ 
naturally  undergo  this  fermentation,  and  are  changed  into 
a  vinous  liquor.    But  as  all  thefe  matters  render  the  water 
mucilaginous,  fermentation  proceeds  llowly  and  imperfectly 
in  thefe  liquors.    On  the  other  fide,  if  the  quantity  of 
farinaceous  matter  be  fo  diminifhed  that  its  extract  or 
decoction  may  have  a  convenient  degree  of  fluidity,  this 
liquor  will  be  impregnated  with  fo  fmall  a  quantity  of 
fermentable  matter,  that  the  beer  or  wine  of  the  grain  will 
be  too  weak,  and  have  too  little  tafte. 

Thefe  inconveniences  are  remedied  by  preliminary  opera- 
tions which  the  grain  is  made  to  undergo. 

Thefe  preparations  confift  in  fteeping  it  in  cold  water 
that  it  may  foak  and  fwell  to  a  certain  degree,  and  in  laying 
it  in  a  heap  with  a  fuitable  degree  of  heat,  by  means  of 
which,  and  of  the  imbibed  moifture,  a  germination  begins, 
which  is  to  be  flopped  by  a  quick  drying,  as  fooii  as  the 
bud  mews  itfelf.  To  accelerate  this  drying,  and  render  it 
more  compleat,  the  grain  is  flightlv  roafted,  by  making  it 
pafs  down  an  inclined  canal  fufficiently  heated. 

(p)  Bdellium  is  a  gum  refin,  from  an  ounce  of  which  mw 
be  extracted  by  water  fix  drams  and  two  fcruples,  or  by  fpirit  two 
drams.  Neuman. 

(q)  Bee-Glue  is  a  foft,  unctuous,  glutinous  matter  employ- 
ed by  bees  to  cement  the  combs  to  the  hives,  aad  to  clofe  up  the 
cells.  Neuman. 
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This  germinaticn,  and  this  flight  roafHng,  changes  con- 
fiderably  the  nature  of  the  mucilaginous-fermentable  matter 
of  the  grain.  The  germination  attenuates  much,  and  in. 
fome  meafure  totally  deftroys  the  vifcofity  of  the  mucilage  ; 
and  it  does  this,  when  not  carried  too  far,  without  depriving 
the  grain  oT  any  of  its-  difpofition  ro  ferment.  On  the  con- 
trary, it  changes  the  grain  into  a  faccharine  fubftance,  as 
may  be  perceived  by  mafhing  grains  beginning  to  germinate. 
The  flight  roafting  contributes  alfo  to  attenuate  the  muci- 
laginous fermentable  matter  of  the  grain.  When  the  grain 
is  thus  prepared,  it  is  fit  to  be  ground,  and  to  impregnate 
water  with  much  of  its  fubftance  without  forming  a  glue, 
or  vifcous  mafs.  The  grain  thus  prepared  is  called  malt. 
This  malt  is  then  to  be  ground  ;  and  all  its  fubftance,  which 
is  fermentable  and  folubie  in  water,  is  to  be  extracted  by 
means  of  hot  water.  This  extracl:  or  infufion  is  furficiently 
evaporated  by  boiling  in  caldrons  ;  and  fome  plant  of  an 
agreeable  bitternefs,  fuch  as  hops,  is  at  that  time  added, 
to  heighten  the  tafte  of  the  beer,  and  to  render  it  capable  of 
being  longer  preferved.  Laftly,  this  liquor  is  put  into  cafks, 
and  allowed  to  ferment ;  nature  performs  the  reft  of  the 
work,  and  is  only  to  be  aflifted  by  the  other  moft  favourable 
circumftances  for  the  fpirituous  fermentation.  See  Fer- 
mentation (Spirituous). 

BEN.  (r) 

BENJAMIN.  Benjamin,  or  Benzoin,  is  a  refin  of  an 
agreeable  aromatic  fmell,  from  which  an  eflferitial  fait,  or 
volatile,  concrete,  cryftallized  acid,  called  flowers  of  Ben- 
jamin, is  obtained  by  fublimation.    See  Flowers  of  Ben- 

(r)  Ben-Nuts  yield,  by  exp^efiion,  much  oil,  which,  from 
its  property  of  not  becoming  rancid,  at  leaft  for  years,  is  ufed  as 
a  menftruum  for  the  extraction  of  the  odoriferous  pirt  of  flowers 
of  jafmin,  violets,  rofes,  hyacinths,  lillies  of  the  valley,  tube- 
rofes,  jonquils,  clove-gillyflowers,  and  others,  which,  like  thefe* 
yield  little  or  no  eftential  oil  by  diftillation,  but  impart  their  fra- 
grance to  exprefled  oils.  The  method  of  impregnating  oil  of 
ben  with  the  odor  of  flowers  is  this :  Some  fine  carded  cotton  is 
dipt  in  the  oil,  and  put  in  the  bottom  of  a  proper  veflel.  On 
this  is  fpread  a  thick  layer  of  frefh  flowers,  above  which  more 
cotton  dipt  in  oil  is  placed;  and  thus  alternately  flowers  and 
cotton  are  difpofed,  till  the  veflel  (which  may  be  made  of  tin,  with 
a  cover  to  be  fcrewed  on  to  it,  or  of  porcelain)  is  full.  By  digeftion 
during  24  hours  in  a  water-bath,  the  oil  will  receive  the  odor  of 
the  flowers, 
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jf  amin.    As  to  its  other  principles,  it  is  fimilar  to  other 
refins.    See  Resin. 
BERYL,  (s) 

BEZOAR  MINERAL.  Bezoar  mineral  is  the  earth 
of  the  regulus  of  antimony  deprived  of  all  its  phlogifton  by 
the  action  of  the  nitrous  acid  and  by  calcination. 

The  ordinary  procefs  to  mnke  this  preparation  confifts  in 
diffolving  butter  of  antimony  in  a  fumcient  quantity  of  ni~ 
*  trous  acid,  or  till  the  phenomena  of  folution  ceafe.  If 
more  nitrous  acid  be  added  than  is  neceflary  for  the  folu- 
tion, no  inconvenience  follows,  as  we  fhall  prefently  fee. 

When  the  folution  of  butter  of  antimony  is  made,  it  is 
to  be  evaporated  to  drynefs  in  a  glafs  or  ftone-ware  vefTel  : 
more  nitrous  acid  is  then  to  be  poured  upon*  it ;  rather  too 
much  than-  too  little  ;  becaufe  an  excefs  of  this  does  no 
harm  :  this  folution  is  to  be  evaporated,  as  at  firft  ;  and  the 
lame  operation  is  to  be  repeated  a  third  time  ;  after  which  the 
matter  being  dryed,  is  to  be  calcined  for  half  an  hour,  till, 
according  to  Lemery,  a  very  flight  acidity  only  remains. 

This  operation,  which  was  invented  for  the  preparation 
of  a  remedy,  furnimes  phenomena  very  worthy  of  attention, 
and  fit  to  illuftrate  the  efTential  properties  of  the  nitrous  and 
marine  acids.  The  following  remarks  then  are  to  be  made 
on  this  fubjedt, :  Aqua-regia  being  the  mod  active  men- 
ftruum  of  regulus  of  antimony  ;  and  fpirit  of  nitre,  in 
which  the  butter  of  antimony  is  diflblved,  forming  an  aqua- 
regia  with  the  marine  acid  contained  in  this  butter  ;  a  new 
folution  is  made  of  the  reguline  part,  which  after  this  ope- 
ration is  no  longer  united  with  the  marine  acid  only,  but  with 
the  nitrous  and  marine  acids  jointly,  that  is,  with  aqua- 
regia.  When  this  folution  is  not  hurried  too  much,  it  is- 
clear  and  limpid  ;  and  this  is  the  beft  method  of  having  the 
greater!:  poffible  quantity  of  regulus  of  antimony  perfectly 
diflblved  by  aqua-regia. 

As  upon  this  occafion,  the  nitrous  acid  finds  the  integrant 
parts  of  the  regulus  of  antimony  feparated  from  each  other 
by  the  interpolation  of  the  parts  of  the  marine  acid,  and 
confequently  the  aggregation  of  the  regulus  of  antimony 


(s)  Beryl,  or  A  qua  Marina,  is  a  polygortcus  pellucid  gem, 
the  tenth  from,  a  diamond  in  hardnefs,  of  a  fea-green  color,  and 
fufible  by  fire.  This  gem  maybe  imitated,  by  adding  to  twenty 
pounds  of  cryftal -glafs,  made  without  magnefia,  fix  ounces  of 
aalcined  brafs  or  copper,  and  a  quarter  of  an  ounce  of  prepared 
aaffre  * 
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broken,  this  nitrous  acid  feizes  upon  all  the  parts  of  the 
regulus  with  fo  much  more  facility  and  almoft  inftantane- 
oufly  :  hence  it  happens  that  unlefs  the  nitrous  acid  be 
gradually  added,  and  at  long  intervals,  the  folution  Is  made 
fo  impetuoufly,  that  all  the  matter  is  apt  to  rife  inftantly 
over  the  containing  vefTel  with  effervefcence,  which  happens 
in  moft  folutions,  and  which  proceeds  from  difengaged  air. 
The  quantity  of  air  in  this  folution  is  very  great.  Dr. 
Hales  has  afcertained  that  thirty-fix  cubic  inches  of  air  are 
difengaged  from  the  folution  of  half  a  cubic  inch  of  butter 
of  antimony  in  as  much  nitrous  acid  :  but  this  muft  vary 
according  to  the  manner  of  making  the  folution.  Is  it 
even  certain  that  it  is  air  which  is  thus  difengaged,  and  not 
fome  other  fubftance  reduced  to  elaftic  vapor  ? 

However  it  be,  the  new  combination  of  regulus  of  anti- 
mony with  the  acids  of  aqua-regia  is  very  different  from  the 
butter  of  antimony.  The  prefence  of  the  nitrous  acid  pro- 
duces an  entire  change.  This  metallic  fubftance  is  no 
longer  united  with  a  fingle  acid,  incapable  of  depriving  it 
of  its  phlogifton,  and  which,  by  its  intimate  union,  com- 
municates to  the  femi-metal  its  volatility.  The  nitrous 
acid  cannot  unite  with  the  regulus  of  antimony  without 
depriving  it  of  a  large  portion  of  its  inflammable  principle. 
The  regulus  thus  half  calcined  can  no  longer  have  the  fame 
adhefion  to  the  marine  acid  ;  therefore  if  this  new  combi- 
nation be  expofed  to  the  action  of  fire,  the  marine  acid, 
which  now  fcarcely  adheres  to  this  altered  metallic  matter, 
far  from  raifing  it,  as  when  it  was  combined  with  no  other 
acid,  does  with  great  facility  evaporate ;  and  the  nitrous 
acid,  which  adheres  fliil  lefs  than  the  marine  acid  to  this 
metallic  earth,  quits  it  ftill  more  eafily,  and  continues  to 
deprive  it  more  and  more  of  its  inflammable  principle. 

The  fame  effects  ought  to  take  place  ftill  more  upon  the 
new  additions  and  evaporations  of  the  nitrous  acid  ;  there- 
fore, after  all  thefe  operations,  nothing  remains  but  an 
earthy  white  matter,  abfolutely  fixed,  unfufible,  and  info- 
luble  in  acids,  which  has  no  longer  any  emetic  or  purgative 
qualities,  nor  any  tafte,  if  fufficiently  calcined.  It  is,  in 
ihort,  a  true  calx  of  antimony,  entirely  fimilar  to  diaphore- 
tic antimony,  except  that  to  this  latter  preparation  a  fmall 
portion  of  the  earth  of  the  alkaline  bails  of  nitre  adheres, 
which  is  not  to  be  found  in  bezoar  mineral  :  hence  we 
ought  to  conclude,  that  nitrous  acid  produces  the  fame 
efFech  upen  the  regulus  of  antimony  by  the  humid,  as  it 
does  by  the  dry  way. 

When 


BISMUTH 


When  bezoar  mineral  is  prepared  for  the  purpofes  of  me- 
dicine, it  is  proper  not  to  calcine  it  too  much ;  otherwife 
it  would  probably  have  no  virtue.  When  it  is  moderately 
calcined,  as  Lemery  prefcribes,  it  may  have  the  fudorific 
virtue  afcribed  to  it,  from  the  fmall  quantity  of  acid  and 
perhaps  of  phlogifton  adhering  to  it.  it  is  this  fudorific 
virtue,  truly  or  falfely  afcribed,  which  has  occafioned  the 
name  of  bezoar  mineral,  becaufe  the  animal  bezoar  is  con- 
fidered  alfo  as  a  fudorific. 

It  is  evident  from  what  has  been  faid  concerning  the 
nature  of  the  bezoar  mineral,  and  what  pafles  during  its 
preparation,  that  the  marine  acid  contained  in  the  butter 
of  antimony  is  entirely  loft,  and  not  eftential  to  the  ope- 
ration, fince  the  nitrous  acid  alone  is  capable  of  depriving 
the  regulus  of  antimony  of  all  its  phlogifton,  and  of  re- 
ducing it  to  a  white  calx  entirely  fimilar  to  bezoar  mineral. 
Inftead  then  of  employing  butter  of  antimony,  which  re- 
quires a  preliminary  and  expenfive  preparation,  the  nitrous 
acid  may  be  directly  poured  upon  the  powdered  regulus, 
and  its  action  affifted  by  heat.  This  acid  readily  corrodes 
the  femi-metal,  without  diflblving  it  -9  becaufe  it  deprives 
it  of  its  phlogifton  while  it  attacks  it,  and  quickly  reduces 
it  to  a  white  calx. 

When  this  acid  is  carried  off,  and  more  acid  poured  on, 
and  this  operation  repeated  feveral  times,  till  the  matter  is 
at  laft  calcined,  a  white  calx  of  antimony  is  obtained  en- 
tirely fimilar  to  bezoar  mineral. 

BISMUTH.  Bifmuth,  called  alfo  tin-glafs,  and  by 
fome  naturalifts  marcafita  qffjeinarum,  is  a  femi-metal  fome- 
what  fimilar  to  the  regulus  of  antimony.  It  appears  to  be 
compofed  of  cubes  formed  by  the  application  of  plates  upon 
each  other.  Its  color  is  lefs  white  than  that  of  the  regulus 
of  antimony,  and  it  has  a  reddifh  tinge,  particularly  when 
it  has  been  expofed  to  the  air. 

It  is  the  heavier!  of  the  femi-metals,  and  lofes  in  water 
about  a  ninth  part  of  its  weight. 

It  is  alfo  very  fufible,  and  melts  a  long  time  before  it  is 
red-hot. 

Bifmuth  is  femi-volatile,  like  the  other  femi-metals. 
When  expofed  to  the  fire,  flowers  rife  from  it ;  it  is  cal- 
cined ;  and  converted  into  a  litharge  and  glafs  nearly  as 
lead  is.  It  may  even  be  employed,  like  that  metal,  for 
the  purification  of  gold  and  filver  by  cupellation. 

It  eafily  combines  with  fulphur,  and  is  thereby  reduced 
into  a  ftriated  mineral  like  antimony. 
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It  amalgamates  with  mercury,  and,  according  to  Mr. 
Wallerius,  it  has  the  lingular  property  of  fo  attenuating 
tin,  filver,  and  efpecially  lead,  when  any  of  thefe  metals 
are  added  to  this  amalgam,  that  a  part  of  them  pafles  along 
with  the  mercury  through  chamois  leather.  This  fufficient- 
ly  proves  that  this  method  of  purifying  mercury  is  infufli- 
cient.    (Wallerius' s  Mineralogy). 

Mr.  Cramer,  on  the  contrary,  fays  that  only  lead,  and 
not  the  other  metals,  can  be  fo  difpofed  by  bifmuth  as  to- 
pafs  along  with  the  mercury.  He  adds,  that  the  lead  mud 
be  previoufly  united  by  fufion  with  the  bifmuth  ;  and  that 
if  the  amalgam  be  digefted  during  fome  days,  the  bifmuth 
is  feparated,  and  the  lead  is  left  attenuated  with  the  mer- 
cury. 

This  femi-metal  is  not  equally  foluble  in  the  feveral 
acids. 

The  vitriolic  acid  docs  not,  properly  fpeaking,  diflblve 
bifmuth.  If  a  part  and  a  half  of  bifmuth  be  mixed  with  one 
part  of  concentrated  vitriolic  acid,  the  whole  diftilled  to 
drynefs,  and  the  refiduum  warned  with  water,  the  liquor 
drawn  off  is  of  a  red  yellow  color,  but  from  which  nothing 
can  be  precipitated  by  alkalis  :  hence  it  may  be  fufpecled 
that  the  vitriolic  acid  attacks  only  the  inflammable  part 
of  bifmuth,  and  does  not  diflblve  its  metallic  earth. 

The  nitrous  acid  diflblves  bifmuth  very  well. 

The  marine  acid  attacks  and  difTolves  bifmuth  a  little, 
but  flowly  and  difficultly.  Alkalis  form  a  precipitate  with 
marine  acid  in  which  bifmuth  has  been  digefted  a  certain 
time. 

This  femi-metal  does  not  very  fenfibly  detonate  with 
nitre.  It  is,  neverthelefs,  calcined  by  this  fait,  as  all  the 
imperfect  metals  and  femi-metals  are. 

Two  parts  of  nitrous  acid  diflblve  with  heat  and  efferve- 
scence one  part  of  bifmuth.  The  folution  is  clear,  limpid> 
and  rofe  colored.  It  coagulates  into  fmall  cryftals  as  foon 
as  it  cools. 

'  This  folution  ought  to  be  made  gradually,  to  avoid  too 
great  commotion  and  effervefcence. 

Water  alone  being  added  to  this  folution,  precipitates 
the  bifmuth.  The  precipitate  is  of  a  very  beautiful  white, 
and  is  commonly  called  magijlery  of  hijmuih^  and  by  fome 
artifts  Spanifk  white,  being  the  fame  which  is  ufed  as  a  paint 
for  the  fkin. 
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To  have  this  white  very  beautiful,  an  aqua-fortis  muft 
not  be  emyloyed,  which  is  adulterated  by  a  mixture  of 
vitriolic  acid  ;  for  this  latter  acid  gives  it  a  greyifh  caft. 

If  the  nitrous  acid  has  diflblved  but  little  bifmuth,  much 
more  water  is  neceflary  to  effeel:  a  precipitation. 

This  magiftery  ought  to  be  well  warned,  to  deprive  it  as 
much  as  poftible  of  the  adhering  acid,  and  preferved  in  a 
well  clofed  bottle ;  becaufe  this  femi-mctal,  when  thus 
divided,  has,  like  filver  and  lead,  the  property  of  eaiily 
combining  with  phlogifton  in  vapor,  and  of  becoming 
black  by^hat  addition  :  hence  the  fkin  of  women  painted 
With  this  white  may  be  rendered  quite  black  by  the 
phlogiftic  vapors  which  rife  from  putrefying  matters,  necef- 
fary-houfes,  fulphur,  liver  of  fulphur,  bruifed  garlic,  &c. 

Alkalis  alfo  added  to  the  folution  of  bifmuth  oceafion  a 
white  precipitate  of  this  femi-metal,  but  not  fo  beautiful 
as  when  water  only  is  ufed ;  becaufe  the  pureft  alkalis  con- 
tain fome  phlogifton,'  which  gives  more  or  lefs  color  to  the 
precipitate. 

Several  chemifts,  amongft  whom  is  Mr.  Pott,  have 
believed  that  the  folution  of  bifmuth,  which  when  well 
Saturated  may  be  precipitated  by  water,  could  not  be  preci- 
.  pitated  by  means  of  the  marine  acid,  as  thqfe  of  lead  and 
filver  may,  and  confequcntly  that  a  corneous  bifmuth 
cannot  be  obtained.  But  Mr.  Rcuelle  in  his  memoir  upon 
falts,  printed  amongft  the  memoirs'  of  the  academy  for  the 
year  1754,  fays,  that  after  having  precipitated  from  a  well 
faturated  folution  all  the  bifmuth  that  he  could  by  means 
of  water,  he  obtained  a  new  precipitate  by  adding  to  me 
remaining  liquor  an  equal  quantity  6f  faturated  folution  of 
fea-falt,  and  by  gradually  mixing  with  thefe  a  quantity  of 
common  water  equal  to  four  times  the  quantity  of  the  two 
folutions.  This  fecond  precipitate  is  confidered  by  Mr. 
Rouelle  as  a  corneous  bifmuth. 

If  this  be  the  cafe,  bifmuth  refembles  lead  in  many  of  its 
properties,  as  Mr.  Geoffroy  the  younger  has  '(hewn  in  the 
memoirs  of  the  academy.  Accordingly  fome  chemifts  have 
called  bifmuth,  the  lead  of  the  fenti-metah. 

Lemeri  fays,  that  if  the  folution  of  bifmuth  be  ufed  to 
write  with  as  an  ink,  that  the  writing  does  not  appear, 
but  that  it  becomes  very  black,  when  moiftened  with  the 
deliquiated  liquor  of  the  fcoria  of  regulus  of  antimony. 
.This  folution  is  therefore  a  fympathetic  ink.  The  reafon 
of  this  phenomenon  is  founded  on  What  we  have  obferved 
concerning  the  property  which  bifmuth  has,  when  much 
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divided,  of  eafily  imbibing  a  fuperabundant  quantity  of 
phlogifton,  and  by  that  means  of  acquiring  a  black  color. 

The  fcoria  of  reguius  of  antimony  is  almoft  entirely  liver 
of  fulphur.  The  alkali  of  this  liver  precipitates  the  bif- 
muth  from  the  folution  employed  to  write  v/ith ;  and  the 
fulphur  or  phlogivlon,  difengaged  from  the  liver,  blackens 
the  bifmuth,  which  therefore  becomes  vifible. 

It  is  evident  after  this  explanation,  that  it  is  needlefs  to 
have  recourfe  to  the  folution  of  fcoria  of  regulus  of  anti- 
mony in  this  experiment ;  for  it  only  acts  as  a  liver  of  ful- 
phur ;  and  the  portion  of  regulus  of  antimony  contained  in 
this  fcoria  contributes  nothing  to  the  fuccefs  :  the  liver  of 
fulphur  alone  may  therefore  be  as  well  employed. 

Bifmuth  readily  unites  with  all  metallic  matters,  except- 
ing, according  to  Mr.  Gellert,  zinc  and  arfenic ;  and  all 
the  allays  are  rendered  more  fufible  by  bifmuth.  This 
chemift  places  the  affinities  of  metallic  matters  with  bifmuth 
in  the  following  order :  iron,  copper,,  tin,  lead,  filver,  and 
gold,  ft) 
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(t)  I.  Bifmuth,  like  iron,  is  faid  to  occupy,  ivhen/i/ed,  a  lefs 
/pace  than  ivhen  /did.  2.  It  is  fi/ible  v/ith.  a  heat  of  4600  of  Fah- 
renheit's thermometer.  3.  It  greatly  encrea/es  the  /ufibility  of 
/ome  other  metals.  Thus,  an  allay  confiding  of  equal  parts  of  tin 
and  bifmuth  is  fufible  with  a  heat  of  2800  of  Fahrenheit's  fcale. 
4.  Equal  parts  of  gold  and  bi/muth  form  a  brittle  regulus  colored 
like  bifmuth.  Equal  parts  of  bi/muth  and  filler  form  a  mafs  not 
fo  brittle  as  the  former.  A  fmall  portion  of  bifmuth  encreafes 
the  brightnefs,  hardnefs,  and  fonoroufnefs  of  tin.  The  color  of 
copper  is  rendered  lefs  red,  but  not  white,  by  bifmuth.  Equal 
parts  of  bi/muth  and  lead  form  a  dark  grey  compound.  •  Bifmuth 
may  be  united  with  iron  by  a  ftrong  heat.  It  does  not  unite  with" 
kinc  or  with  regulus  of  cobalt,  or  only  in  a  fmall  proportion.  5. 
The  u/es  of  bifmuth  are,  for  making  pewter  with  tin  ;  for /older- 
ing  fome  metals  j  for  prmters  types  (Homberg  advifes  one  part  of 
bifmuth  and  one  of  tin  to  be  added  to  twelve  parts  of  the  common 
compofrtion,  which  is  one  part  of  copper,  one  part  of  regulus  of 
antimony,  and  five  parts  of  lead)  ;  for  foils  /or  mirrors,  the  com 
mon  mixture  for  this  being  one  part  of  tin,  one  part  of  lead, 
two  parts  of  bifmuth,  and  ten  parts  of  mercury  ;  for  anatomical 
injections,  equal  parts  of  lead,  tin,  and  bifmuth,  to  which  fome 
add  a  little  mercury,  forming  a  mixture  fufHciently  fufible  ;  for 
imitating  fihvering  on  wood,  for  which  purpofe  it  is  ground,  ap- 
plied with  whites  of  eggs,  and  burnifhed  ;  for  purifying  gold  and 
Jtf<ver  by  cupellation,  for  which  it  is  preferable  to  lead,  as  it  more 
effectually  deftroys  imperfect  metals,  promotes  the  vitrification  of 
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BITUMEN.  Bitumens  are  oily  matters,  of  a  ftrong 
imell,  and  of  different  confiftences,  which  are  found  in 
many  places  within  the  earth. 

There,  is  only  one  liquid  bitumen  known  :  it  is  called 
petroleum,  becaule  it  is  an  oil  which  actually  flows  from 
clefts  in  certain  rocks,  and  it  is  gathered  in  wells  dug  in 
certain  grounds  and  mountains.    See  Petroleum. 

Solid  bitumens  are  Amber,  called  alfo  Karube,  or  yellow 
jmber;  Jet;  Afphdltum,  or  bitumen  of  Judea  j  and  foffil  or 
pit-coal. 

All  thefe  bitumens,  when  diftilled,  furnifh  phlegm,  ar* 
acid  liquor  frequently  fulphureous,  a  thin  oil  like  petroleum, 
a  volatile  acid  and  concrete  fait,  (of  which  amber  gives  the 
largeft  quantity)  a  black  and  thick  oil,  and  laftly,  a  charry 
•refiduum,  more  or  lefs  earthy  and  copious,  according  to 
the  nature  of  the  particular  bitumen  analyfed.  Fofiil  coal 
furnifhes  the  largeft  quantity  of  this  refiduum.  From  this 
analyfis  it  appears,  that  bitumens  are  compofed,  like  all 
other  vegetable  and  animal  concrete  oily  matters,  of  an  oil 
and  an  acid.  They  differ  in  general  from  refins  by  their 
greater  folidity;  by  their  fmell,  which  is  ftronger,  and  not 
like  the  aromatic  fmell  of  refins  ;  by  their  infolubility  in 
fpirit  of  wine  ;  by  the  volatile  fulphureous  acid,  and  by  the 
concrete  acid  obtained  in  their  analyfis. 

The  origin  of  bitumens  is  an  interefting  queftion,  con- 
cerning which  naturalrfts  are  not  agreed;  fome  imagining  that 
they  effentially  belong  to  the  mineral  kingdom,  and  others 
that  they  proceed  originally  from  vegetable  fubftances.  We 
mull  allow  this  latter  opinion  to  be  the  moft  probable  :  for, 
iirft,  no  body,  the  origin  of  which  is  certainly  mineral, 
contains  the  fmalleft  portion  of  oil.  Even  fulphur,  which  of 
all  minerals  approaches  moft  to  the  nature  of  bitumens,  and 
which  all  the  ancient  chemifts  have  confidered  as  fuch,  does 

earths  and  calxes,  and  combines  with  fulphur,  forming  a  very 
fufible  mafs  ;  and  laftly,  for  rendering  fome  mrtals  Jitter  for  being 
caji  into  moulds,  as  a  fmall  portion  of  it  encreafes  their  fufibi- 
lity. 

(u)  Bistre  is  a  brown  pigment,  confifting  of  the  finer  parts 
of  wood-foot  feparated  from  the  grolTer  by  warning  with  water. 

(<wj  Bittekn  is  the  bitter  faline  liquor  which  remains  after 
the  cryft  Uization  of  fea-falt  in  fea-water,  or  the  water  of  fait 
fprings.    See  Water  (Sea). 
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not  contain,  as  Stahl  has  demonftrated,  the  fmalleft  vcfligc 
of  oil. 

2dly,  It  is  probable  that  the  qualities  by  which  bitumens 
differ  from  refins  and  other  oily  matters,  vegetable  and 
animal,  'are  either  the  natural  effects  of  time  upon  thefe 
oily  matters  converted  into  bitumens,  or  of  an  alteration 
produced  upon  them  by  mineral  acids ;  or  rather  they  are 
the  effect  of  both  thefe  caufes  united. 

Thirdly,  by  combining  mineral  acids  with  vegetable  oils, 
compounds  may  be  formed  much  refembling  natural  bitu- 
mens, and  to  which  perhaps  nothing  but  a  fufficiently  long 
digeftion  is  wanting  to  render  them  true  bitumens. 

Fourthly,  we  cannot  doubt  that  the  vegetable  and  animal 
matters  continually  deftroyed  on  the  furface  of  the  earth, 
the  juices  of  which  are  capable  of  penetrating  further, 
muft  introduce  into  the  earth  much  oily  matter,  which,  in 
time,  may  become  bitumen. 

Befides,  natural  hifcory  proves,  that  many  entire  vege- 
tables and  animals  have  been  buried  in  large  quantities,  and 
even  at  confiderable  depths,  by  the  various  accidents  and 
revolutions  which  have  happened  upon  the  earth ;  for  under 
ground  immenfe  beds  of  turf  are  daily  found,  and  large  banks 
of  half-decompofed,  bituminous,  and  petrified  foffil  wood, 
which  can  be  nothing  elfe  but  confiderable  portions  of  the 
furface  of  the  earth,  thus  buried  by  accidents  too  ancient 
to  be  remembered.  All  thefe  matters  are  fufficient  tc» 
furnifh  the  earth  with  a  large  quantity  of  truly  oily  fub- 
ftance,  which  probably  can  be  formed  only  in  the  organifed 
bodies  of  vegetables  and  animals. 

Junker  defcribes, .  after  Neuman,  the  Pruffian  amber 
mines,  which  are  the  richer!  known.  Firft,  at  the  furface 
of  the  earth  is  found  a  ftratum  of  fand.  Immediately  under 
this  fand  is  a  bed  of  clay  filled  with  fmall  flints  of  about  an 
inch  diameter  each  :  under  this  clay  lies  a  ftratum  of  black 
earth  or  turf,  filled  with  foffil  wood,  half-decompofed  and 
bituminous  :  this  ftratum  is  extended  upon  a  bank  of 
minerals  containing  little  metal,  excepting  iron,  which 
are  confequently  pyrites  :  laftly,  under  this  bed  the  amber 
is  found  fcattered  about  in  pieces,  or  fometimes  accumu- 
lated in  heaps. 

If  we  add  to  all  this,  that  in  amber  are  frequently  in- 
cluded infects  and  fragments  of  plants,  we  mail  find  a 
further  probability  that  bitumens  are  of  vegetable  original. 

It  is  true  that  amber,  petroleum,  and  other  bitumens 
are  found  in  grounds  where  no  foffil  vegetable  matters  exift; 
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but  it  is  eafy  to  conceive  that  thefe  matters  may  have  been 
deitroyed,  and  their  appearance  changed  by  time,  particu- 
larly as  the  different  natures  of  foils  contribute  much  to  the 
preservation  or  deftruclion  of  vegetable  and  animal  fubltances. 

Thofe  bitumens  which  are  fufficiently  compact  to  be  cut 
and  polifhed,  fuch  as  amber  and  jet,  are  formed  into  toys 
and  ornaments,  as  necklaces,  heads  for  canes,  buttons,  and 
mourning  ear-rings. 

Bitumens  are  alfo  ufcd  for  the  preparation  of  very  folid 
and  beautiful  oil  varnifhes.  For  this  purpofe  amber  is 
chiefly  ufed.  (x) 

BLACK- 

fx)  A  fine  Hack  varnijh  may  eafily  be  made  by  diffolving  amber 
previoufly  melted  in  a  crucible  till  it  is  rendered  black,  in  boil- 
ing linfeed  oil.    But  the  folution  of  amber  without  decompofi- 
tion,  by  which  its  color  is  altered,  in  linfeed  or  ether  exprejTed 
oils,  is  more  difficult,  and  has  been  unfuccefsfully  attempted  by 
Neuman  and  other  chemiits,  with  a  view  to  make  a  pellucid  hard 
varnifh.    Hoffman  fays,  that  he  reduced  amber  and  oil  of  olives 
to  a  gelatinous  mafs  by  placing  the  glaf -veffel  containing  them 
in  Papin's  Digeftor,  one  third  part  of  which  was  full  of  w  iter, 
The  experiments  of  Dr.  Stockars  are  more  deciiive.    He  fays, 
that,  by  continuing  a  fummering  heat  during  twelve  hours,  and 
by  confining  the  vapors  as  much  as  ftone-ware  veiieis  would  bear, 
powdered  amber  was  perfectly  diffolved  in  exprefled  oils,  in  tur- 
pentine, and  in  balfam  of  copaiba.    He  prevented  the  veffe's 
from  burfting,  by  making  fmall  notches  in  the  corks  with  which 
he  flopped  them,     fhe  folutions  of  amber  in  oils  of  rape-feed 
and  of  almonds  had  a  fine  yellow  color ;  in  oil  of  linfeed  a  golden 
color  ;  in  oil  of  poppy  a  yellowifh  red ;  in  oil  of  olives  a  beauti- 
ful red ;  in  oil  of  nuts  a  deeper  red  ;  in  oil  of  bays  a  purpiifh  red. 
Solutions  of  amber  in  turpentine  and  balfam  of  copaiba  had  a 
deep  red  color,  and  when  cooled,  formed  hard  brittle  red  maifes. 
All  thefe  folutions  were  eafily  mifcible  with  fpirit  of  turpentine. 
Thofe  made  with  oils  of  linfeed,  bays,  poppies,  and  nuts,  with 
balfam  of  copaiba,  and  with  turpentine,  being  diluted  with  four 
times  their  quantity  of  fpirit  of  turpentine,  formed  hard,  tena- 
cious, gloffy  varnifhes,  which  dried  fufficientiy  quick.    See  Dr. 
tSfockar*s  Specimen  Inaugurate  de  Succino,  Ley  den  y  1700* 

Amber  may  be  rendered  clear  and  pellucid  by  two  methods. 
1.  By  cementing  lumps  of  it  with  fand,  during  40  hears,  in  an 
iron  pot.  2.  by  digeiting  them  during  20  hours  in  boiling  rape- 
feed  oil. 

A  tindure  may  be  extracted  from  amber  by  rectified  fpirit  of 
wine,  or  by  fweet  fpirit  of  vitriol. 

From  1 6  oz.  of  coarfe  amber  Neuman  obtained,  by  dijl  illation, 
eleven  ounces  fix  drams  of  oil,  four  drams  and  a  half  of  ialt,  (fee 
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BLACK-JACK,  (z) 

BLOOD.  Blood  is  well  known  to  be  a  red  liquor  in 
moft  animals,  circulating  in  their  veffels  during  life,  and 
the  common  fource  whence  all  the  neceflary  and  Superfluous 
animal  liquids  are  derived,  (a) 

Blood  newly  drawn  from  a. found  animal  gives  no  fign 
cf  an  acid  or  alkaline  quality.  It  has  a  fweetifti  and  fome- 
what  faline  tafte.  When  left  to  itfelf  it  coagulates,  and 
quickly  palfes  to  a  fermentation  at  firft  a  little  acid,  and 
afterwards  entirely  putrid,  in  the  fame  manner  as  all  other 
perfectly  animalifed  fubftances. 

This  liquor  contains  nothing  volatile  by  the  heat  of 
boiling  water,  but  a  pure  phlegm.  Thus  when  blood  is 
diftilled  in  a  water-bath,  it  is  only  dried,  not  entirely  de- 
compofed.  By  this  drying  it  lofes  I  of  its  weight.  The 
refiduum  being  diftilled  in  a  naked  fire,  yields  volatile  alkali, 
and  animal  oil,  at  flrft  thin,  and  afterwards  thick  :  in  the 
retort  a  charry  refiduum  remains,  which  can  difficultly  be 
reduced  to  afnes,  from  the  lixiviation  of  which  a  little 
common  fait  may  be  obtained. 

From  this  analyfis,  which  is  almoft  all  that  chemifts 
have  done  to  difcover  the  nature  of  the  blood,  it  appears 
that  this  liquor  contains  the  fame  principles  as  all  other 
perfectly  animalifed  matters.  But  a  more  accurate  exami- 
nation might  probably  be  made  of  it  by  feparating  at  firft 
from  each  other  feveral  different  fubftances,  of  which  the 
blood  is  only  a  collection  or  mixture,  and  then  by  analyfing 
each  of  thefe  fubftances,  as  has  been  done  with  milk. 

In  fact,  the  blood  being  opake,  or  not  very  tranfparent, 
appears  to  be,  as  milk  is,  nothing  elfe  than  a  mixture  of 
feveral  heterogeneous  matters  confounded  together,  without 
being  diiTolved  by  each  other.  It  is  known,  that,  when  the 
blood  is  no  longer  circulated  in  the  veffels  of  the  animal, 
but  left  at  reft  in  a  veffel,  it  coagulates  and  feparates  fpon- 
taneoufly  into  a  red  mafs,  and  a  white  liquor,  or  ferum,  in 
which  the  red  mafs  floats  j  and  that  by  wafting,  the  red 

(zj  Black-Jack,  or  Blend,  is  a  mineral,  called  alfo  falfe 
galena.    See  Galena  (False ). 

(a)  The  color  of  blood,  like  that  of  many  other  fubftances,  is 
affected  by  expofure  to  air,  by  which  it  acquires  a  fcarlet  tinge. 
Arterial  blood  has  this  fcarlet  color,  which  it  has  acquired  by 
pafiirig  through  the  lungs  in  refpiration.  The  blood  flowing 
through  the  viens  has  a  deeper  and  lefs  vivid  red  color.  It  ac- 
quires the  fcarlet  color  by  expofure  to  air,  and  arterial  blood  lofes 
its  vivid  red  color  by  exclufion  from  air. 
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part  of  this  mafs  may  be  carried  off,  and  the  remaining 
matter  is  white  and  gelatinous.  There  are  then  three 
diftincT:  matters  in  the  blood  which  feem  to  correfpond  with 
thofe  contained  in  milk ;  that  is,  the  ferum  of  the  blood 
correfponds  with  the  whey  of  milk ;  the  white  gelatinous 
matter,  with  the  cheefy  part ;  and  laftly,  the  red  globules 
with  the  butyraceous  fubftance. 

It  is  fo  much  more  probable  that  the  red  part  of  the  blood 
is  oleaginous,  as  anatomifts,  who  have  examined  the  blood 
by  microfcopes,  have  obferved  that  this  red  part  is  compofed 
of  globules  fwiming  in  a  white  liquor,  and  as  all  oily 
matters,  when  well  mixed,  but  not  diflblved  in  a  watery 
fluid,  have  this  globular  appearance,  (b) 

This  being  eftablifhed,  if  the  blood  were  to  be  examined 
more  exactly  than  it  has  hitherto  been,  it  would  probably 
be  necefTary  to  begin  by  feparating  from  each  other  the  three 
above-mentioned  fubftances,  each  of  which  ought  after- 
wards to  be  fubjected  to  experiments  and  analyfes,  as  has 
been  done  with  milk.  It  is  probable  that  this  method  of 
analyfing  blood  would  throw  new  light  upon  its  nature  and 
principles,  which  are  yet  very  imperfectly  underftood,  as 
well  as  thofe  of  other  animal  matters. 

The  purely  gelatinous  parts  of  the  blood  are  probably 
not  different  from  any  other  animal  jelly  :  but  it  is  to  be 
prefumed  that  fome  peculiar  falts  might  be  obtained  from 
the  ferous  parts,  as  have  been  from  milk  and  from  urine ; 
and  that  the  red  globular  part  v/ould  be  found  to  be  oleagi- 
nous. The  acid,  or  volatile  alkaline  principles  which 
would  be  obtained  from  the  red  part  of  the  blood  would 
determine  whether  or  not  it  is  a  truly  animal  oil,  or  fat. 
If  it  be  true,  as  Mr.  Homberg  and  Mr.  Macquer  afHm,  that 
fome  acid  may  be  obtained  by  analyfing  the  blood,  it  would 
probably  be  found  to  belong  to  this  red  fubftance. 

(b)  The  red  particles  of  blood  have  been  generally  thought  to 
be  globules.  Father  de  la  Torre  pretends  to  have  difcovered  from 
his  microfcopical  obfervatio'ns  that  they  have  an  annular  form. 
But  Mr.  Hew/on  maintains  that  the  central  fpot  taken  by  Father 
de  la  Torre  tor  a  hole,  is  a  folid  dark-colored  particle  contained 
in  the  middle  of  a  tranfparent  veficle,  which  is  flat  like  a  piece 
of  money,  and  not  globular.  This  veficle,  he  fays,  is  empty,  or 
filled  with  a  fubtle  fluid,  and  is  capable  of  being  diffolved  by 
water,  as  alfo  is  the  folid  red  particle.  See  Mr.  William  Hew- 
fon's  paper  in  the  Pbilof.  Tranf.  vol.  63.  on  the  figure  and  compojt- 
tkn  of  the  red  particles  of  blood ;  and  alfo,  Mr.  Hewfon's  experi- 
ments on  the  blood.  Phil.  Tranf.  'vol.  60. 

Laftly, 
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evident  that  whatever  knowledge  could  be 
this  fubjedt  by  well-condu&ed  experiments, 
tend  and  encreafe  an  interefting  branch  of  our  know- 
ge,  namely,  that  concerning  animal  economy,  (c) 
BLUE,  (d) 

BLUE 

(e)  Dr.  George  Fordyce,  in  his  very  excellent  Elements  of  the 
Practice  of  Phyiic,  fays,  that  the  white  gelatinous  matter  of  the 
blood,  or  ioagulable  lymph,  continues  fluid  while  circulating  with 
any  degree  of  heat  betwixt  30  and  1200  of  Fahrenheit's  thermo- 
jneter ;  but  that  it  is  coagulated  very  foon  after  it  is  taken  out  of 
the  body  in  any  heat,  in  motion,  or  in  reft ;  and  that  its  coagu- 
lation may  be  prevented  by  fiiturating  the  blood  with  fea-falt,  or 
perhaps  with  forne  other  neutral  falts.  The  coagulum  is  rendered 
foluble  in  boiling  water,  by  putrefaction,  by  concentrated  acids, 
cauftic  alkalis,  calcareous  earths,  and  by  fome  metallic  falts. 
He  obferves  alfo,  that  the  coagulable  lymph  is  more  fluid,  and  is 
not  fo  eafily  coagulable  when  the  arteries  of  the  perfon  from  whom 
the  blood  is  drawn  aft  more  ftrongly  than  they  ufually  do  ;  in 
which  cafe,  the  red  particles  and  this  lymph  can  feparate  more 
exactly  from  each  other  according  to  their  denfities,  the  former 
falling  to  the  bottom,  and  the  greateft  part  of  the  latter  forming 
upon  the  upper  furface  a  very  vifcid  tough  mafs  called  the  buff. 
By  putrefaction  the  coagulable  lymph  and  ferum  are  converted 
into  a  mucilaginous  matter,  not  coagulable  by  any  of  the  methods 
recited  above,  which  mucilaginous  matter  may  be  converted  by 
further  putrefaction  into  faline  fubftances  and  calcareaus  earth. 
The  red  part  of  the  blood  is  readily  foluble  in  water,  but  not  in 
ferum,  nor  in  a  faturated  folution  of  neutral  falts.  By  the  firft 
ftage  of  putrefaction  this  red  part  of  blood  is  broken  down  into 
fmalJer  particles,  its  color  is  rendered  darker,  and  afterwards  it 
is  converted  into  a  mucilage  foluble  in  ferum. 

From  the  folubility  of  the  red  particles  of  blood  in  water,  it 
evidently  appears  that  they  are  not  oleaginous,  as  the  author  of 
the  Dictionary  feems  inclined  to  believe. 

(d)  Blue  Coloring  Materials.  Concerning  the  blue 
glafs  called  finalt,  prepared  from  the  ore  of  regulus  of  cobalt ; 
the  preparation  of  iron  called  Prufftan  blue-,  and  the  preparation 
of  hpis  lazuli  called  ultramarine  or  azure,  fee  Smalt,  Azure  and 
Blue  (Prussian).  The  blue  color  of  flowers  is  fo  perifhable  as 
to  be  cf  little  ufe  in  dying.  It  is  extracted  from  many  by  infu- 
fion  in  water,  but  not  in  fpirit.  It  is  changed  by  acids  to  a  red 
not  more  durable  than  the  original  blue ;  by  marine  acid  to  the 
moft  florid  red  ;  and  it  is  changed  by  alkalis  and  by  lime-water 
to  a  green,  which  afterwards  becomes  a  yellow.  The  green  by 
lime-water  is  the  more  permanent  and  beautiful,  and  has  been 
formed  into  lakes  for  painting.  The  two  principal  vegetable 
fubftances  ufed  for  dyine  of  a  blue  color  are  indigo  and  wood* 
6  Thefe 
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BLUE  (PRUSSIAN).  Pruflian  blue  is  a  precipitate 
of  iron  with  a  fuperabundant  quantity  of  phlogiiton,  from 
which  it  receives  a  very  beautiful  color. 

This  blue,  which  is  fuccefsfully  ufed  in  painting,  was 
difcovered,  like  moft  other  things,  by  accident,  and  about 
the  beginning  of  this  century. 

Stahl  relates  in  his  Three  hundred  Experiments,  N°23l, 
the  manner  in  which  this  blue  was  difcovered.  He  fays, 
that  a  manufacturer  of  colors,  called  Die/bach,  who  ufually 
prepared  a  lake  of  cochineal,  by  mixing  a  decoction  of  this, 
fubftance  with  alum  and  fome  green  vitriol,  and  by  preci- 
pitating the  mixture  with  a  fixed  alkali,  being  one  day  in 
want  of  fixed  alkali,  borrowed  from  Dippel,.  in  whofe 
laboratory  he  worked,  fome  fait  of  tartar  from  which  that 
chemift  had  feveral  times  diftilled  his  animal  oil,  and 
obferved  that  the  lake  precipitated  by  means  of  this  alkali, 
inftead  of  being  red,  was  of  a  fine  blue  color.  Dippel,  to 
whom  he  related  the  appearance,  knew  that  it  mutt  have 
been  caufed  by  his  alkali,  and  attempted  to  produce  the 
fame  effects  by  giving  the  fame  quality  to  fixed  alkali  by  an 
eafier  procefs.  His  attempts  fucceeded,  and  from  that  time 
Pruflian  blue  has  been  made. 

An  account  of  this  blue,  called  Prujjian  or  Berlin  bluey 
from  the  place  where  it  was  made,  was  publifhed  in  the 
Berlin  Memoirs  for  1710,  but  no  defcription  was  given  of 
the  procefs  for  making  it. 

Several  chemifts  undoubtedly  attempted  to  difcover  it; 
accordingly  it  was  difcovered,  and  in  the  year  1724  Dr. 
Woodward  publifhed  it  in  the  Philofophical  Transactions. 
The  procefs  fucceeds  very  well,  and  is  as  follows  : 

Alkalife  together  four  ounces  of  nitre  and  as  much  tartar. 
See  Alkali  (Extemporaneous).  Mix  this  alkali  well 
with  four  ounces  of  dried  bullocks  blood,  and  put  the  whole 
in  a  crucible  covered  with  a  lid  in  which  there  is  a  fmall 
hole  :  calcine  with  a  moderate  fire  till  the  blood  be  reduced 

Thefe  are  feculse  or  fediments  depofited  by  fermentation  from 
infufions  of  the  leaves  of  the  plants  anil,  and  nvoad,  or  glajlttm. 
Hellot  thinks,  that  a  fimiiar  blue  dye  might  be  obtained  from 
moft  other  vegetables,  and  that  the  green  of  vegetables  is  caufed 
by  a  mixture  of  blue  and  yellow  coloring  particles,  of  which  the 
■blue  is  the  moft  durable,  and  leafl  affecied  by  fermentations.  The 
colors  given  by  both  indigo  and  woad  are  at  firft  green,  but  are 
foon  changed,  by  expofureto  air,  to  blue.  A  blue  tincture  may  be 
made  from  nephritic  wood,  which  has  not  been  applied  to  any  ufe. 
The  ejfential  oils  of  camomile,  milfoil,  pimpinella  nigra,  are  blue, 
and  by  kcepiug  become  green  and  yellow.    See  Dying, 

to 
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to  a  perfect  coal ;  that  is,  till  it  emits  no  mOrc  frnoke  or 
flame  capable  of  blackening  any  white  bodies  that  are  ex- 
pofed  to  it :  increafe  the  fire  towards  the  end,  fo  that  the 
whole  matter  contained  in  the  crucible  mail  be  moderately, 
but  fenfibly  red. 

Throw  into  two  pints  of  water  the  matter  contained  in 
the  crucible,  while  yet  red, '  and  give  it  half  an  hour's  boil- 
ing :  decant  this  firft  water,  and  pour  more  water  upon  the 
black  and  charry  coal  till  it  becomes  almoft  infipid  :  mix 
together  all  thefe  waters,  and  reduce  them  by  boiling  to 
about  two  pints. 

Alfo  diflblve  two  ounces  of  martial  vitriol,  and  eight 
ounces  of  alum  in  two  pints  of  boiling  water  :  mix  this  fo- 
lution  when  hot,  with  the  preceding  lixivium,  alfo  hot. 
A  great  efFervefcence  will  then  be  made.  The  liquors  will 
be  rendered  turbid,  and  will  become  of  a  green  color  more 
or  lefs  blue,  and  a  precipitate  will  be  formed  of  the  fame 
color.  Filtrate,  in  order  to  feparate  this  precipitate,  upon 
which  pour  fpirit  of  fait,  and  mix  them  well  together, 
by  which  means  the  precipitate  will  become  of  a  fine  blue 
color.  It  is  necefTary  to  add  rather  too  much  fpirit  of  fait 
than  too  little,  and  till  it  no  longer  encreafes  the  beauty 
of  the  precipitate.  The  next  day  warn  this  blue  till  the 
water  comes  off  from  it  infipid,  and  then  gently  dry  it. 
Such  is  the  procefs  by  which  Pruffian  blue  is  made. 
Chemifts,  after  having  difcovered  it,  endeavoured  to  find 
the  theory  of  it,  and  to  explain  the  appearances  in  the 
feveral  operations  of  the  procefs.  There  have  been  feveral 
opinions  concerning  the  nature  of  Pruffian  blue. 

Mr.  John  Brown  of  the  Royal  Society  of  London  thinks, 
that  this  blue  is  the  bituminous  or  phlogiilic  part  of  iron, 
difengaged  by  the  lixivium  of  bullock's  blood,  and  applied 
to  the  earth  of  alum.  This  opinion  has  been  adopted  by 
Dr.  Geoffroy  in  the  Memoirs  given  by  him  on  this  fubjecl:, 
which  are  found  in  the  collection  of  the  Academy  of 
Sciences  for  the  year  1725. 

The  Abbe  Menon,  a  correfpondent  of  the  Academy  of 
Sciences,  in  Memoirs  printed  amongft  the  collection  of  the 
$  $av  am  E fir  anger  pubiifhed  by  the  academy,  advances  and 
endeavours  to  prove  that  Pruffian  blue  is  nothing  but  iron 
entirely  freed  from  all  (aline  matter  by  the  phlogifton  of  the 
alkaline  lixivium,  and  precipitated  with  its  natural  color, 
which,  he  pretends,  is  blue.  Fie  thinks  that  the  ufe  of  the 
alum  is  to  diminifh  the  intenfity  of  the  color  by  the  white- 
nefs  of  its  earth. 

3  Laftly, 
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Laftly,  Mr.  Macque^  having  examined  this  matter  in 
all  its  extent,  has  published  a  memoir  amongPt  thofe  of  the 
Academy  of  Sciences  for  the  year  1752,  in  which  he  con- 
cludes, after  having  related  many  experiments,  that  Pruf- 
fian  blue  is  nothing  but  iron  impregnated  with  a  fuper- 
abundant  quantity  of  phlogifton,  which  it  receives  from  the 
phlogifticated  alkaline  precipitant.  The  experiments  and 
difcoveries  made  by  this  chemift  are  as  follow. 

Mr.  Macquer  firft  obferves  that  very  pure  alkaline  falts 
feparate  iron,  as  they  do  all  metallic  fubftances,  from  acids  ; 
and  that  iron  fo  precipitated  has  a  color  more  or  lefs  yellow, 
and  is  foluble  by  acids. 

If,  on  the  contrary,  this  precipitation  of  iron  be  made 
by  an  alkali  previoufly  calcined  with  an  inflammable  matter, 
then  a  precipitate  is  formed,  more  or  lefs  green  or  blue,  as 
the  alkali  was  more  or  lefs  phlogifticated. 

If  an  acid  be  poured  upon  this  green  precipitate,  experi- 
ments mew  that  this  acid  diflblves  one  part  of  it,  and  does 
not  act  upon  the  other.  This  proves  that  the  green  pre- 
cipitate is  not  homogeneous,  but  a  mixture  of  two  precipi- 
tates, one  of  which  is  foluble,  and  the  other  is  infolutjle 
by  an  acid. 

As  the  precipitate  which  refifts  the  action  of  acids  is  very 
blue,  when  feparated  from  that  which  the  acid  has  diffolved, 
and  as  the  gre~n  color  of  the  mixed  precipitate  is  a  mixture 
of  yellow  and  blue  ;  the  author  concludes  that  the  part  dif- 
folved  by  the  acid  is  yellow,  and  confequently  that  this 
portion  of  green  precipitate  is  entirely  fimilar  to  the  iron 
which  pure  alkalis  feparate  from  acids. 

As  to  the  blue  precipitate,  as  it  not  only  refifts  the  ac- 
tion of  acids  but  alfo  of  magnets,  it  might  not  be  known 
to  be  iron,  if  a  flight  calcination  did  not  at  once  deprive  it 
of  its  blue  color,  and  render  it  entirely  fimilar  to  other 
iron. 

Thefe  facts  prove  that  Pruflian  blue  is  nothing  but  iron 
united  with  fome  matter  which  gives  it  a  blue  color,  and 
the  property  of  refifting  the  action  of  acids  and  of  magnets. 

Mr.  Macquer  has  further  difcovered,  that  fire  is  not  the 
only  means  by  which  the  Pruflian  blue  may  be  deprived  of 
all  the  properties,  by  which  it  differs  from  ordinary  iron. 

A  very  pure  alkali  produces  alfo  the  fame  effect.  He  has 
alfo  difcovered,  that  the  alkali  which  has  thus  deprived  the 
Pruflian  blue  of  all  the  properties  which  diftinguifh  it  from 
ordinary  iron,  becomes  by  that  operation  entirely  fimilar  to  the 
phlogifticated  alkali  ufed  for  the  preparation  of  Pruflian  blue. 

Thefe 
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Thefe  facts  feem  to  demonftrate  that  Pruffian  blue  is  no- 
thing elfe  than  iron,  which  becomes  blue  by  being  impreg- 
nated with  a  matter  which  the  alkali  is  capable  of  giving  to 
it  or  of  feparating  from  it,  according  to  cirGumftances  ; 
that  is  to  fay,  that  when  the  alkali  is  impregnated  with 
this  matter,  and  is  applied  to  iron  diflblved  in  an  acid,  it 
then  combines  with  this  acid,  and  precipitates  the  iron,  to 
which  it  transfers  at  the  fame  time  the  matter  which  changes 
the  iron  into  Pruffian  blue.  But  if  on  the  contrary  Pruffian 
blue  be  applied  to  pure  alkali,  then  this  alkali  entirely  dif- 
folves  the  coloring  matter  of  the  Pruman  blue,  and  takes  it 
from  the  iron,  which  is  thus  reduced  to  its  ordinary  con- 
dition. 

By  a  more  particular  examination  of  this  alkali,  im- 
pregnated with  the  coloring  matter  of  Pruman  blue,  either 
by  calcination  with  an  inflammable  matter,  or  by  taking 
the  color  from  Pruman  blue  itfelf,  Mr.  Macquer  found  that 
its  alkaline  properties  were  fo  much  more  weakened,  as  it 
was  impregnated  with  a  larger  portion  of  this  coloring 
matter.  This  induced  him  to  prefume,  that  by  giving  it  a 
fufficient  quantity  of  Pruffian  blue  to  difcolor,  it  might  be 
entirely  faturated  with  this  coloring  matter  :  and  the  event 
entirely  anfwered  his  expectation. 

By  applying  much  Pruffian  blue  to  an  alkali,  this  latter 
was  fo  faturated  that  it  no  longer  difcolored  the  blue  when 
boiled  together,  and  upon  trial,  was  found  to  poflefs  no 
longer  any  alkaline  qualities. 

A  folution  of  iron  by  any  acid  poured  into  this  alkali, 
faturated  with  the  coloring  matter  of  the  Pruffian  blue, 
forms  immediately  a  precipitate,  not  green,  compofed  of 
yellow  and  blue,  the  former  of  which  muft  be  feparated  by 
an  acid  from  the  latter  to  obtain  this  of  a  pure  blue  color, 
as  in  the  ordinary  procefs  for  the  preparation  of  Pruffian 
blue,  but  a  fingle  homogeneous  precipitate,  and  a  perfect 
Pruffian  blue.  This  effect  ought  necefiarily  to  happen,  be- 
caufe  the  faturated  alkali  contains  no  part  purely  alkaline 
which  can  occafion  a  precipitate  of  foluble  iron,  as  pure 
alkalis  do. 

But  an  effential  phenomenon,  and  not  obferved  by  any 
former  chemifr,  is,  that  it  is  not  merely  by  the  action  of 
the  acid,  which  diflblves  the  iron,  that  the  coloring  matter 
is  applied  to  the  iron,  and  thus  the  Pruffian  blue  formed  ; 
but  that  the  affinity  of  this  matter  to  iron  contributes  alfo 
to  produce  this  effect.  The  author  has  demonftrated  this 
truth  by  the  following  decifive  experiment. 
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If  any  pure  acid  be  poured  upon  an  alkali  perfectly  iatu- 
rated  with  the  coloring  matter  of  Pruffian  blue,  this  acid 
contracts  no  union  with  this  alkali,,  nor  is  any-ways  neu- 
tralized, and  confequently  is  incapable  of  Separating  the 
coloring  matter  of  Pruffian  blue.  It  only  procures  this 
reparation  when  it  is  united  with  iron,  the  affinity  of  which 
to  the  coloring  matter,  being  joined  to  the  affinity  of  the 
acid  to  the  alkali,  form  a  fum  of  affinities  capable  of  occa- 
sioning the  Separation  of  which  we  treat. 

In  this  operation,  therefore,  there  is  a  very  diflincTb 
example  of  the  effect  of  double  or  united  affinities.  Sre 
Affinity.  This  example  is  even  fo  much  more  compleat, 
as  it  is  amongft  the  molt  general  that  chemiftry  furnifhes. 
For  according  to  Mr.  Macquer's  obfervations,  iron  is  not 
the  only  metallic  fubftance,  the  affinity  of  which  being 
united  with  that  of  the  acid,  procures  the  feparation  of  the 
coloring  matter  of  the  Pruffian  blue  from  the  alkali ;  but 
any  metallic  fubftance  diffolved  in  any  acid  feparates  the 
phlogiftic  matter  from  all  alkalis,  fixed  or  volatile.  This 
is  afcertained  by  Mr.  Macquer's  experiments,  a  detail  of 
which  may  be  feen  in  his  memoir. 

Another  no  lefs  important  phenomenon,  which  none  of 
the  chemifts  who  have  endeavoured  to  explain  the  theory  of 
Pruffia;\  blue  had  obferved,  is,  that  earths  have  not  the 
fame  affinity  as  metallic  fubftances  with  the  phlogiftic  matter 
of  Pruffian  blue.  Hence  if  an  alkali  faturated  with  this 
coloring  matter  be  poured  into  a  folution  of  alum,  no 
decompofition  is  effected,  nor  is  any  precipitate  formed. 
The  alum  continues  alum,  and  the  faturated  alkali  remains 
unchanged. 

After  this  experiment  Mr.  Macquer  reafonably  concludes, 
that  the  alum  added  in  the  operation  of  Pruffian  blue  does 
not  directly  contribute  to  the  production  of  this  blue.  The 
purpofe  to  which  it  ferves  is  as  follows,  (e) 

This  chemift  proved  by  many  experiments,  that  an  alkali 
can  never  be  entirely  faturated  with  the  coloring  matter  of 

(t)  Alum  is  an  ingrtdient  in  the  above-mentioned  receipt  for 
making  Pruffian  blue  firlt  publimed  by  Dr.  Woodward  ;  but 
whether  it  be  ufeful  has  not  been  afcertained  by  experiment.  I 
have  found  that  as  good  Pruffian  blue  may  be  made  without  as 
with  alum  ;  and  that  when  this  faline  fubftance  is  ufed  in  the 
compofition,  no  good  and  intenfe  blue  can  be  obtained,  till  all 
the  earth  of  alum,  which  had  been  precipitated,  be  again  diilblved 
by  the  marine  or  other  mineral  acid,  all  which  are  equally  effectual. 
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Pruffian  blue  by  calcination.  This  being  eftablimed,  it  is 
certain  that  alkalis,  calcined  with  inflammable  fubftances 
to  make  the  proper  lixivium  for  Pruffian  blue,  ftill  remain 
alkaline.  Hence  it  happens,  that  when  they  are  mixed  with 
a  folution  of  green  vitriol,  they  form  by  their  purely  alkaline 
part  a  yellow  precipitate,  fo  much  more  copious  as  this 
purely  alkaline  part  is  itfelf  more  copious.  But  nothing  is 
more  capable  of  fpoiling  the  color  of  the  portion  cf  iron 
precipitated  in  Pruffian  blue  than  a  mixture  of  this  yellow 
or  olive-colored  precipitate  ;  therefore  a  large  quantity  of 
acid  muft  be  employed,  that  this  yellow  precipitate  may  be 
entirely  diflblved,  if  we  mean  to  have  a  very  fine  blue. 

Part  of  thefe  inconveniencies  is  avoided  by  mixing  a  folu- 
tion of  alum  with  a  folution  of  green  vitriol.  By  this 
means,  the  purely  alkaline  part  of  the  lixivium  is  moftly 
employed  to  precipitate  a  greater  or  lefs  quantity  of  the 
earth  of  alum,  and  confequently  the  quantity  of  yellow 
ferruginous  precipitate  is  much  diminished.  But  the  earth 
of  alum  being  of  a  fine  fhinipg  white  does  not  in  the  leaft 
alter  the  purity  of  the  blue  color,  but  enlivens  it,  and 
leffens  its  intenfity ;  which  is  frequently  no  inconvenience, 
becaufe  the  Pruffian  blue,  when  it  is  not  of  the  fineft  color, 
is  always  too  dark  and  black. 

It  follows  from  what  has  been  faid,  that  when  Pruffian 
blue  is  to  be  made  with  a  lixivium  not  faturated,  it  is  a 
matter  of  indifference  whether  the  green  precipitate  is  to  be 
again  diflblved,  or  the  alkaline  part  of  the  lixivium  Saturated 
with  alum  or  with  an  acid,  before  the  precipitate  is  formed. 
The  only  difference  which  can  proceed  from  thefe  modes  of 
management  is,  that  in  the  former  cafe,  all  the- part  of  the 
precipitate  which  is  not  Pruffian  blue  is  redifiblved  by  an 
acid  j  whereas  in  the  latter  cafe,  this  mixed  precipitation  is 
prevented,  and  nothing  is  thrown  down  but  true  Pruffian 
blue. 

It  is  proper  to  obferve,  concerning  the  theory  of  Pruffian 
blue,  that  moft  alkalis  obtained  from  tjie  afhesof  vegetables, 
being  combined  by  their  combuftion  with  a  portion  of 
inflammable  matter,  are  capable  of  furnifhing  a  quantity  of 
Pruffian  blue  proportionable  to  the  quantity  retained  by 
them  of  this  inflammable  matter,  even  without  the  neceffity 
of  mixing  them  with  a  folution  of  iron,  becaufe  they  always 
.contain  a  little  of  this  metal  diffolved,  fome  of  which  may 
be  found  in  almoft  all  vegetables;  therefore  it  is  fufficient 
lor  this  purpofe  to  faturate  them  with  an  acid.  Thefe 
materials  which  form  Pruffian  blue  in  alkaline  falts  <?ccaflon 
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tneir  impurity,  and  require  much  trouble  to  be  perfe&ff 
feparated. 

Some  chemifts  had  even  perceived  the  production  of  this 
blue  in  the  faturation  of  alkaline  falts,  before  the  difcovery 
of  the  Pruftian  blue :  and  Henkel  particularly,  who  had 
obferved  it  in  the  faturation  of  the  fait  of  foda,  or  foffil 
alkali,  recommended  to  chemifts  an  enquiry  concerning  tha 
nature  of  this  blue.  Thus  chemifts  had  already  acquired 
ibme  fort  of  knowledge  on  this  fubjec~t,  and  therefore  the 
Pruflian  blue  could  not  have  long  remained  unknown,  even 
if  accident  had  not  prefented  it  in  fo  ftriking  a  manner  to 
the  chemift  of  Berlin,  who  was  the  firft  who  prepared  it  in 
fufficient  quantity  for  the  ufes  of  painters. 

BLUE  (SAXON),  (f) 

BOLE.  Boles,  or  bolar  earths,  are  clays  which  adhere 
to  the  tongue,  wrhen  applied  dry,  and  which  are  colored, 
yellow  and  red,  by  a  ferruginous  earth.    See  Clay. 

BOLOGNI AN  STONE.    See  Stone. 

BONES,  (g) 

(f)  Blue  (Saxon).  The  belt  Saxon  blue  color  may  be  given 
by  the  following  compofition. 

"  Mix  one  ounce  of  the  belt  powdered  indigo  with  four  ounces 
of  oil  of  vitriol  in  a  glafs  bedy  or  matrafs  ;  and  digeft  it  for  one 
hour  with  the  heat  of  boiling  water,  making  the  mixture  at  dif- 
ferent times  ;  then  add  twelve  ounces  of  water  to  it,  and  ftir  the 
whole  well,  and  when  grown  cold  filter  it.  This  produces  a  very 
rich  deep  color  ;  if  a  paler  blue  be  required,  it  may  be  obtained  by 
the  addition  of  more  water.  The  heat  of  boiling  water  is  fufficient 
for  this  operation,  and  can  never  fpoil  the  color ;  whereas  a  fsnd 
heat  which  is  commonly  ufed  is  often  found  to  damage  the  color. 

"  Indigo  which  has  been  digefted  with  a  large  quantity  of  fpirit 
of  wine  and  then  dried,  will  produce  a  finer  color  than  the  former, 
if  treated  in  the  fame  manner  with  oil  of  vitriol."  Experi- 
ments to  jhe~vo  the  nature  of  Aurum  Mofaicum,  by  Mr.  Peter  Wolfe. 
Phil.  Tranf.  61. 

(g)  Bones  are  totally  foluble  in  concentrated  acids  of  vitriol, 
nitre,  and  fea-falt,  and  may  be  foftened  by  thefe  acids  diluted, 
or  by  vinegar.  From  two  ounces  of  ox-bone  Neuman  obtained 
by  diftillation  two  drams  of  empyreumatic  phlegm,  one  dram  of 
volatile  urinous  fpirit,  two  fcruples  of  volatile  alkali,  two  fcruples 
of  fetid  oil,  and  one  ounce,  three  drams,  and  two  fcruples  of 
refiduum.  Dr.  Lewis  obferves,  that  bones  expofed  to  a  heat 
gradually  raifed  are  rendered  white,  opake,  2nd  friable;  and 
when  expofed  fuddenly  to  a  violent  heat,  are  rendered  hard,  femi- 
tranfparent,  and  fonorous.  Bones  and  horns  may  be  framed  by 
the  common  dying  infufions  and  decoclions  pf  vegetable  and 
animal  fubftar.cec,  and  by  metallic  folutions. 

N  2  BORAX 


BORAX 


BORAX.  Borax  is  a  faline  matter,  with  all  the  pro- 
perties of  a  neutral  fait. 

It  is  foluble  in  water,  and  cryftallizable  nearly  as  alum 
is  ;  with  this  difference  only,  that  it  requires  a  little  more 
water  for  its  folution,  and  retains  fomewhat  lefs  in  its  cry- 
ftallization. 

When  expofed  to  fire*  it  at  firft  undergoes  the  liquefaction 
occafioned  by  the  water  of  its  cryftallization,  and  is  then 
calcined,  as  alum  is,  but  is  not  fomuch  fwelled  and  rarefied 
during  the  operation. 

If  the  fire  be  increafed  to  a  melting  heat,  the  borax  is 
pretty  eafily  fufed,  and  is  converted  into  a  vitreous  matter, 
or  faline  glafs  :  and  when  it  is  mixed  with  earths  of  any 
kind,  it  acts  as  a  flux,  and  converts  them  into  more  or  lefs 
transparent  glafles  according  to  their  natures.  See  Vitri- 
fication. 

Glafs  of  borax  is  very  friable,  eafily  tarnifhes  in  the  air, 
and  becomes  mealy,  nearly  as  the  alkaline  bafis  of  fea-falt 
does.  It  is  entirely  foluble  in  water  ;  and  when  the  folution 
of  it  is  evaporated,  borax  is  again  formed  in  cryftals,  as  it 
was  before  its  fufion-r 

Borax  then  fuffers  no  decompofition  by  fire,  even  in  open 
veffels,  and  certainly,  therefore,  not  in  clofe  ones. 

But  it  may  be  decompofed  by  the  vitriolic,  nitrous,  and 
marine  acids,  which  unite  with  the  faline  alkaline  matter 
which  is  its  bafis,  and  form  with  it  exactly  the  fame  neutral 
felts  as  thofe  which  refult  from  the  union  of  thefe  acids 
with  the  marine  alkali ;  that  is  to  fay,  the  vitriolic  acid 
forms  Glauber's  fait,  the  nitrous  acid  forms  cubic  nitre, 
snd  the  marine  acid  forms  fea-falt. 

When  acids  combine  thus  with  the  alkaline  bafis  of  borax, 
they  feparate  from  it  a  faline  fubftance  of  a  -Angular  nature, 
and  little  underftood,  called  Sedative  Salt.  See  Salt  (Se- 
dative). 

We  are  far  from  knowing  as  much  concerning  borax  as  is 
dellrable.  We  are  even  ignorant  of  its  origin,  which  might 
Supply  the  want  of  a  perfect  analyfis,  and  give  light  to  the 
nature  of  this  faline  fubftance. 

As  borax  is  net  found  in  Europe,  it  is  brought  from  the 
Eaft-Indies  in  a  ftate  which  only  requires  a  flight  purifica- 
tion, which  is  given  to  it  by  the  Dutch  and  Venetians  who 
are  the  chief  merchants  of.  it.  But  it  is  not  yet  known 
whether  this  matter  be  a  natural  or  an  artificial  fubftance, 
nor  whence,  nor  how  it  is  obtained. 
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Our  ignorance  concerning  borax  is  certainly  owing  to 
the  intereft,  which  they,  who  make  a  lucrative  commerce 
of  it,  have  to  keep  every  thing  concerning  its  origin  fecret. 

However  that  be,  notwithstanding  the  refources  which 
chemifts  pofTefs  of  difcovering  by  their  experiments  what  is 
hid  from  them,  it  appears  that  they  were  long  in  a  irate  of 
indifference  concerning  borax.  Satisfied  with  employing 
it  in  their  operations,  in  which  it  is  very  ufeful  as  a  flux, 
they  long  ufed  it  without  attempting  to  fubjecl:  it  to  pro- 
per proofs  for  the  difcovery  of  its  nature. 

In  the  writings  of  Becher  and  Stahl  we  fcarcely  find  any 
thing  concerning  borax.  The  examination  by  chemical 
means  of  this  fubftance,  which  ought  to  excite  the  curio- 
fity  of  chemifts,  has  been  begun  only  in  thefe  later  times  ; 
and  it  is  to  the  praife  of  the  French,  that  almoft  all  the 
knowledge  we  have  concerning  it  we  owe  to  them  alone. 

Homberg  was  amon2;ft  the  firft  who  undertook  a  fet  of 
experiments  on  borax,  by  which  the  fedative  fait  was  dis- 
covered, which  was  a  new  fubftance,  and  entirely  unknown 
before  him.  Homberg  obtained  the  fedative  fak  from  borax, 
by  diftilling  it  with  vitriol  ;  and  imagining  that  he  disco- 
vered a  fedative  or  quieting  power  in  it,  he  called  it  the 
Narcotic  Salt  of  Vitriol^  or  Sedative  Salt.  This  chemift  did 
not  well  underftand  the  theory  of  his  experiment  j  but  that 
is  not  furprifing  in  matters  fo  new. 

The  younger  Lemeri,  who  after  Homberg  made  many 
experiments  on  borax,  difcovered  that  fedative  fait  may  be 
obtained  from  it,  not  only  by  the  vitriolic  acid,  but  alfo  by 
the  nitrous  and  marine  acids.  This  difcovery  was  the  more 
important,  as  it  naturally  led  to  further :  but  he  feems  to 
have  been  prevented  by  other  purfuits  from  continuing  this 
fubieel:  as  it  ought  to  be. 

Homberg  and  Lemeri  obtained  fedative  fait  only  by  diftil- 
iation  or  fublimation,  which,  particularly  in  this  cafe,  was 
a  long  and  embarrafling  operation.  M.  Geoffroy  has  im- 
proved upon  their  difcoveries,  by  mewing  the  method  of 
obtaining  the  fame  fait  from  borax  bv  acids  with  evapora- 
tion and  cryftallization  only,  in  greater  quantity  and  with 
lefs  trouble.  We  are  alfo  obliged  to  him  for  having  firfl 
demonftrated  that  borax  contains  the  balls  of  fea-falt.  This 
truth  he  has  firmly  eftablifhed,  by  obtaining  a  true  Glau- 
ber's fait  bv  mixing  vitriolic  acid  with  a  folution  of  borax. 

Laftly,  Mr.  Baron,  Member  of  the  Academy  of  Sciences, 
and  of  the  Faculty  of  Medicine  at  Paris,  proved  by  many 
experiments  that  fedative  fait  of  borax  may  be  obtained  by 
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means  of  vegetable  acids,  which  had  not  been  done  before 
him.  He  has  alio  proved,  that  fedative  fait  is  not  a  com-? 
bination  of  an  alkaline  matter  with  the  acid  employed  tQ 
obtain  it,  but  that  it  exifts  ready  formed  in  borax,  of  which 
it  is  a  principal  or  conftituent  part ;  that  the  acids  em- 
ployed to  extract  it  do  only  difengage  it  from  the  alkali 
with  which  it  is  united  ;  that  this  alkali  is  entirely  fimilar 
to  that  of  fea-falt ;  that  fedative  fait  may  be  re-united  with 
its  alkali,  and  again  form  borax  j  which  is  a  complete  proof 
that  borax  is  nothing  elfe  than  a  compound  of  fedative  fait, 
and  marine  alkali. 

Nothing  more  then  remains  to  have,  on  the  nature  of 
borax,  all  the  knowledge  we  can  defire,  than  to  difcover 
what  this  fedative  fait  is.  The  experiment  by  which  Mr. 
Baron  found  that  this  fait  is  capable  of  decompofmg  nitre 
and  marine  fait,  by  feparating  the  acids  of  thefe  falts  by 
help  of  fire,  feems  to  (hew  that  vitriolic  acid  is  one  of  the 
principles  of  the  fedative  fait.  But  to  prove  this  decifively, 
the  fedative  fait  itfelf  muft  he  decompofed.  This  is  the 
iubjcct  of  Mr.  Bourdelin's  late  admirable  experiments.  Al- 
though this  able  chemiit  has  net  been  able  to  accomplifh 
his  purpofc  by  all  the  methods  which  the  moft  profound 
chemiftry  can  fuggeft,  his  experiments  are  neverthelefs  ufe- 
ful,  as  they  may  prevent  others  from  employing  their  time 
and  labor  in  making  them,  and  alfo  becaufe  they  make  us 
better  acquainted  with  the  properties  of  the  fedative  fait. 
See  Salt  (Sedative),  (h) 

BRAINS. 

(h )  Borax,  when  crude,  as  it  is  brought  from  the  Eaft-Indies, 
L  called  Tinea}.  Jn  this  Hate,  itconfifts  of  fmall,  yellow,  gluti- 
nous cryftals.  It  is  faid  to  be  refined  by  lime  water.  Refined 
borax  coniifts  of  large,  white,  eight-fided  crylTals,  each  of  which 
is  compofed  of  fmail,  foft,  bitterifh  fcales.  It  is  difficultly  fo- 
luble  in  water,  to  which  it  gives  a  glutinous  quality,  and  hence 
is  ufed  by  dyers  to  give  a  glofs  to  filks.  It  is  alfo  foluble  in 
spirit  of  wine,  to  the  flame  of  which  it  gives  a  green  color.  By 
repeatedly  moiftening  it,  while  it  is  considerably  heated,  it  may 
be  entirely  fublimed.  Borax  renders  all  earths  and  Hones  fulible 
by  fire,  and  hence  is  ufed  for  the  effaying  of  ores.  It  alfo  faci- 
litates the  fuiion  of  metals  ;  and  is  particularly  ufeful  when  fmall 
particles  of  metal  mixed  with  dirt  and  afhes  are  to  be  melted  to- 
gether 3  as  it  promotes  the  fufion  of  the  metal,  and  the  vitrifica- 
tion of  the  other  matters,  by  which  the  particles  of  metal  may 
difengage  themfeives,  and  collect  into  one  mafs.  It  is  furthex* 
^iefui  in  the  fufion  of  metals,  as  it  defends  their  furfaces  from 
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BRAINS.  (i) 
BRANDY,  (k) 

BRASS.  Brafs,  called  alfo  Latten,  is  a  mixture  of  very 
pure  copper,  with  a  fourth  part  of  very  pure  zinc,  by  which 
the  color  of  the  copper  is  rendered  of  a  fine  golden  yellow. 
This  is  undoubtedly  the  moft  ufeful  and  neceiTary  of  all  the 
mixtures  of  copper  and  other  metals,  chiefly  on  account  of 
the  copper's  preferving  fo  much  of  its  ductility,  when  com- 
bined with  that  proportion  of  zinc. 

Although  zinc  be  only  a  femi-metal,  and  confequently 
not  ductile,  and  although  metallic  mixtures  be  general- 
ly lefs  ductile  than  the  pure  metals  of  which  they  are 
compofed,  zinc  feems  to  be  an  exception  to  this  rule  in  its 

the  combined  action  of  air  and  fire,  by  which  imperfect  metals 
are  calcined.  Crucibles  in  which  gold  and  filver  are  melted  ought 
to  be  previcufly  glazed  on  their  inner  furfaces  with  borax,  that 
when  the  metals  are  poured  out,  no  particles  may  adhere  to  the 
fides  of  the  crucibles.  Gold  is  rendered  pale  by  fufion  with 
borax,  which  effect  is  prevented  by  adding  a  little  nitre  or  fal- 
ammoniac,  or  is  remedied  by  remejting  the  gold  with  either  of 
thefe  falts.  Dr.  Lewis  obferves,  that  borax  alfo  renders  brafs 
and  Prince's-metal  pale,  and  at  the  fame  time  acquires  a  deep  red 
color.  This  color  it  probably  receives  from  fome  part  of  the 
copper  contained  in  thefe  compound  metals,  as  it  acquires  the 
fame  red  color  by  fufion  with  copper.  Borax  is  not,  as  fome  fup- 
pofe,  a.fubftance  capable  of  reducing  or  reviving  calcined  metal?, 
but  is  ufed  with  the  intentions  above  defcribed.  A  principal  ufe  of 
borax  is  to  facilitate  the  foldering  of  metals,  which  it  does  by 
accelerating  the  fufion  of  the  furfaces  of  the  metals  to  be  joined, 
and  by  clearing  them  from  any  calx  or  other  matter  by  which 
they  might  be  prevented  from  being  perfectly  applied  to  each  other. 
Borax  is  alfo  ufed  for  the  preparation  of  fome  fine  gla/Tes,  and 
imitations  of  precious  ftones ;  becaufe  the  glares  prepared  by 
fufing  it  with  earths  are  hard,  compact,  bright,  and  very  tranf- 
parent  ;  but  by  long  expofure  to  air  they  lofe  much  of  their 
luftre,  become  cloudy,  and  when  the  quantity  employed  has  been 
large,  even  opake. 

(/')  Brains.  From  1 6  oz.  of  ox's  brains,  Neuman  obtained 
by  diftillation  fix  ounces,  two  drams,  and  two  fcruples  of  a 
colorlefs  phlegm  ;  four  ounces  and  four  fcruples  of  a  volatile, 
empyreumatic  fpirit ;  which  being  rectified,  produced  two  fcru- 
ples of  a  volatile  concrete  fait,  and  one  ounce  of  caput  mortuum, 
from  which,  by  elixation,  were  procured  25  grains  of  fixed  fait. 

{k)  Brandy  is  an  ardent  fpirit  diftilled  from  wine.  For  its 
properties,  fee  Spirit.  It  is  faid  to  be  imitated  by  adding  to 
very  pure  malt  fpirits  fome  dulcified  fpirit  of  nitre. 
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combination  with  copper ;  for  it  has  the  property  of  unit- 
ing with  that  metal  in  a  large  proportion,  as  of  a  third,  or 
a  fourth,  without  fenfibly  diminifhing  the  ductility  of  the 
copper.  But  as  this  property  is  quite  peculiar  to  zinc,  it 
is  evident  that  it  is  necefiary,  in  order  to  make  good  brafs, 
that  the  copper  and  zinc  be,  each  of  them,  in  their  greateft 
purity. 

If  fuch  zinc  as  is  procured  m  the  fmelting  of  ores  be 
melted  with  copper,  as  in  fome  mixtures  commonly  ufed, 
we  rnight  indeed  obtain  a  very  fine-colored  brafs,  but  it 
would  be  brittle  and  unmalleable.  It  would  only  be  a  mix- 
ture of  that  kind  called  tombacs^  becaufe  this  zinc  is  never 
very  pure.    See  Zinc 

This  inconvenience  is  avoided  in  making  brafs,  by  a 
kind  of  cementation  with  the  ore  of  zinc,  which  is  lapis 
calaminaris.  This  procefs  is  performed  in  the  following- 
manner. 

A  cement,  compofed  of  one  part  and  a  half  of  good  lapis 
calaminaris  and  powder  of  charcoal  triturated  together,  and 
moiftened  with  water,  is  put  into  an  earthen  pot  or  cruci- 
ble. Then  one  part  of  very  pure  copper  beat  into  plates, 
is  placed  over  the  cement,  and  the  whole  is  covered  with 
charcoal  duft.  The  crucible  is  then  clofed,  and  is  heated 
only  enough  to  make  it  gradually  become  red.  When  the 
flame  of  the, coals  has  acquired  a  cupreous  color,  an  iron 
rod  is  introduced  into  the  crucible,  to  try  if  the  copper  be 
melted  under  the  cementing  powder.  If  that  be  the  cafe, 
the  action  of  the  fire  is  moderated,  and  in  a  few  minutes 
the  crucible  is  taken  out. 

When  it  is  cooled,  the  copper  is  found  to  have  become 
yellow,  and  to  have  received  an  augmentation  of  a  fourth, 
and  fometimes  of  a  third  of  its  weight,  and  is  neverthelefs 
very  malleable. 

This  procefs  is  a  kind  of  cementation,  in  which  the 
zinc  is  raifed  from  its  ore  in  vapors,  and  combines  vHth 
the  copper.  This  method  is  advantageous,  principally 
becaufe  the  other  metallic  matters,  and  particularly  the 
iron,  from  which  lapis  calaminaris  is  feldom  free,  do  not 
rife  in  vapors,  and  confequently  cannot  combine  with  the 
copper. 

In  order  to  effect  this  purpofe  more  certainly,  the  cement- 
ing powder  may  be  mixed  up  with  clay  into  a  pafte ;  which 
being  put  in  the  bottom  of  the  crucible,  is  to  be  covered 
with  plates  of  copper  and  charcoal  powder,  proceeding  as 
is  directed  above.  The  copper,  penetrated  by  the  vapors  of 
:    '        -  •  the 
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the  zinc  which  pafs  through  the  parte,  melts  upon  the 
furface  of  the  parte,  and  does  not  mix  with  the  other  metals, 
which  always  alters  the  color  and  ductility  of  the  brafs. 
Thefe  proceffes  are  from  M.  Cramer. 

The  advantages  of  converting  copper  into  brafs  are,  that 
its  weight  is  augmented  one  fourth  part ;  that  its  color  is 
changed  to  one  more  agreeable,  as  it  approaches  the  color 
of  gold  j  that  it  is  more  fufible ;  and  laftly,  that  it  is  lefs 
fubject  to  ruft,  becaufe  zinc  is  lefs  fufceptible  than  copper 
of  being  altered  by  the  action  of  air  and  of  water. 

Although  zinc  be  fixed  to  a  certain  degree  in  brafs  by 
the  adhefion  it  contracts  with  the  copper,  yet  when  brafs 
is  melted  and  expofed  to  a  violent  rire  during  a  certain 
time,  the  zinc  diflipates  in  vapors,  and  even  flames  away,  if 
the  heat  be  ftrong  enough ;  and  if  the  heat  lafts  long 
enough,  all  the  zinc  will  be  evaporated  and  deftroyed,  and 
the  copper  alone  will  remain. 

Copper,  or  copper  converted  into  brafs,  or  in  any  other 
form,  but  particularly  when  penetrated  by  any  falts  and 
reduced  into  verdigrife,  produces  always,  when  taken  in- 
ternally, the  moft  troublefome  confequences,  and  becomes 
a  poifon.  For  this  reafon  it  is  dangerous  to  ufe  copper  uten- 
fils  and  vefTels  for  the  purpofe  of  cookery,  and  in  many  places 
they  begin  to  be  difufed. 

For  the  fame  reafon  alfo,  none  of  the  preparations  of  this 
metal  are  ever  employed  medicinally  by  prudent  phyficians. 
It  appears,  however,  to  enter  into  the  compofition  of  a 
remedy  much  ufed,  the  Lilly  of  Paracelfus^  or  Tintture  of 
Metals :  but  in  fact:,  it  is  certain  that  the  fpirit  of  wine, 
employed  for  the  preparation  of  this  medicine,  diflblves 
nothing  of  the  calx  of  coppef.,  or  of  the  other  calxes  of 
metallic  fubftances  digefted  in  it.  Air.  Beaume  convinced 
himfeif  of  this  fact  by  a  moft  accurate  examination  of  the 
h  'dly  of  Paracelfus. 

The  belt  remedies  for  perfons  poifoned  by  verdigrife, 
are  mild,  watery,  mucilaginous,  and  oily  drinks,  given 
quickly  and  copioufly,  which  ought  to  be  immediately 
fucceeded  by  evacuants  to  carry  off  the  poifon  as  fail  as  is 
poflible. 

The  ufe  of  copper  then  in  medicine  is  confined  to  exter- 
nal applications.  It  is  ftimulant,  tonic,  and  deterfive. 
Verdigrife  enters  into  the  unguentum  Egyptiacum,  into 
feveral  plalters,  the  collyrium  of  Lanfranc,  and  the  green 
Mfeni  pf  Metz.     A  blue  water  for  the  eyes  is  made 
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with  copper  and  fal  ammoniac,  which  is  called  Celeflial 
water.  (I) 

BREAD, 

(I)  Brass.  As  the  manufacture  of  brafs  is  important  in  com- 
merce, a  detail  of  the  procefs  by  which  it  is  made  may  be  ac- 
ceptable. The  calamine  is  previoufly  to  be  prepared  by  cleanfing 
it  from  adhering  earth,  ftone  or  other  matters ;  by  roafting  or 
calcining  it ;  and  by  grinding  it  into  a  fine  powder.  The  calci- 
nation, by  which  moifture  and  fmall  portions  of  fulphur  and  other 
volatile  matters  are  diflipated,  may  be  performed  either  in  a  re- 
verberatory  furnace,  in  which  the  calamine  is  kept  till  it  be 
thoroughly  red  hot  ;  and  that  this  heat  may  be  more  equally 
given  to  it  all  at  the  fame  time,  it  ought  to  be  frequently  ftir- 
red  ;  or  by  fetting  fire  to  a  conical  pile,  compofed  or  horizontal 
layers  of  calamine,  and  of  charcoal  placed  alternately  one  upon 
the  other,  and  of  a  lower  ftratum  confifting  of  large  pieces  of 
wood  ;  in  which  lower  ftratum  are  four  horizontal  channels, 
through  which  the  air  maintaining  the  fire  palTes  to  the  center, 
and  thence  arifes  through  a  chimney  or  perpendicular  empty 
fpace,  left  for  that  purpofe,  along  the  axis  of  the  conical  pile. 
If  the  calcining  heat  be  too  intenfe  or  too  long  continued,  part 
of  the  contained  zinc  may  be  diilipated  ;  and  if  it  be  not  fuffi- 
ciently  intenfe,  or  long  enough  continued,  the  volatile  matters 
will  not  be  entirely  expelled,  and  the  texture  of  the  ftone  will 
not  be  fufficiently  broken  to  prepare  it  for  the  fubfequent  grind- 
ing. The  length  of  time  and  degree  of  heat  requifite  for  the 
calcination  of  calamine,  are  different  according  to  the  qualities 
of  that  mineral.  The  calamine  thus  cleanfed,  calcined,  and 
ground,  is  to  be  mixed  with  about  a  third  or  fourth  part  of  pow- 
der of  charcoal,  or  of  pit-coal,  as  is  done  in  fome  parts  of  Eng- 
land. The  malleability  of  the  brafs  is  diminiihed  by  the  ufe  of 
pit-coal,  which  is  therefore  employed  only  for  the  preparation  of 
coarfer  kinds  of  brafs.  To  this  compofition  of  calamine  and  coal 
fome  manufacturers  add  common  fait,  by  which  the  procefs  of 
making  brafs  is  faid  to  be  haftened.  In  Goflar,  where  the  cadmia 
adhering  to  the  inner  fides  of  furnaces  is  employed,  in  (lead  of 
native  calamine,  a  fmall  quantity  of  alum  is  added,  by  which 
they  pretend  the  color  of  the  brafs  is  heightened.  With  this  com- 
pofition, and  with  thin  plates  or  grains  of  copper,  the  crucibles 
are  to  be  nearly  filled,  The  proportion  of  calamine  to  the  copper 
varies  according  to  the  richnefs  of  the  former,  but  is  generally 
as  three  to  two.  The  copper  mult  be  difperfed  through  the  com- 
pofition of  calamine  and  coal,  and  the  whole  muft  be  covered  with 
more  coal  till  the  crucibles  are  full.  The  crucibles  thus  filled  are 
to  be  placed  in  a  furnace  funk  in  the  ground,  the  form  of  which 
furnace  is  that  of  the  fruftum  of  a  hollow  cone.  At  the  bottom  of  the 
furnace,  or  greater  bafis  of  the  fruftum,  is  a  circular  grate,  or  iron 
fiate.  This  plate  is  covered  with  a  coat  of  clay  and  horfe-dung  tq 
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BREAD.     The  grains  of  all  vegetables  are  almoft 
entirely  compofed  of  fubftances  very  proper  for  the  nourifli- 

ment 

.defend  it  from  the  action  of  the  fire,  and  pierced  with  holes, 
through  which  the  air  maintaining  the  fire  paries.  The  crucibles 
ftand  upon  the  circular  plate,  forming  a  circular  row  with  one  in 
the  middle.  The  fuel  is  placed  betwixt  the  crucibles,  and  is  thrown 
into  the  furnace  at  the  upper  part  of  it,  or  the  letter  bafis  of  the 
fruftum.  To  this  upper  part  or  mouth  of  the  furnace  is  fitted 
a  cover  made  of  bricks  or  clay,  kept  together  by  bars  of  iron,  and 
pierced  with  holes.  This  cover  ferves  as  a  regifter.  V/hen  the 
Jieat  is  to  be  encreafed,  the  cover  is  to  be  partly  or  entirely  taken 
off,  and  a  free  draught  is  permitted  to  the  external  air,  which 
pafies  along  a  vault  under  ground  to  the  alh-hole,  through  the 
holes  in  the  circular  grate  or  plate,  betwixt  the  crucibles,  and 
through  the  upper  mouth  along  with  the  fmoke  and  flame  into 
an  area  where  the  workmen  fland,  which  is  covered  with  a 
large  dome  or  chimney  through  which  the  fmoke  and  air  afcend. 
When  the  heat  is  to  be  diminifhed,  the  mouth  of  the  furnace  is 
to  be  clofed  with  the  lid,  through  the  holes  of  which  the  air, 
fmoke,  and  flame  pafs.  The  crucibles  are  to  be  kept  red-hot 
during  eight  or  ten  hours,  and  in  fome  places  much  longer,  even 
Several  days,  according  to  the  quality  of  the  calamine  ;  during 
which  time  the  zinc  rifes  in  vapor  from  the  calamine,  unites  with 
the  copper,  and  renders  that  metal  fufible  by  confiderably  lcfs 
heat  than  it  is  alone.  To  render  the  metal  very  fluid,  that  it 
may  flow  into  one  uniform  mafs  at  the  bottom,  the  fire  is  to  be 
encreafed  a  little  before  the  crucibles  are  taken  out  for  the  pour- 
ing of  the  fluid  metal  into  moulds.  From  fixty  pounds  of  good 
calamine  and  forty  pounds  of  copper,  fixty  pounds  of  brafs  may 
by  this  procefs  be  obtained,  notwithstanding  that  a  confidcrabie 
quantity  of  zinc  is  burnt  and  diflipated  during  the  operation  ;  as 
we  may  learn  from  the  blue  flame  round  the  mouths  of  the  cruci- 
bles and  furnaces,  from  the  flowers  of  zinc  which  adhere  to  the 
inner  fides  of  the  furnace,  and  from  the  blue  color  communicated 
to  the  crucibles.  The  quantity  of  brafs  obtained  has  been  con- 
fiderably augmented  fince  the  introduction  of  the  method  now 
commonly  practifed  of  ufing  granulated  copper,  by  which  a  larger 
furface  of  this  metal  is  expoled  to  the  vapor  of  the  zinc,  and  con- 
fequently  lefs  of  that  vapor  efcapes.  For  the  granulation  of  the 
copper,  a  cylindrical  wooden  refervoir  is  made,  four  or  five  feet 
deep,  in  which  a  circular  brafs  or  copper  bottom  may  be  raifed  or 
lowered,  by  means  of  a  chain.  The  refervoir  is  covered  with  a 
copper  lid,  in  the  middle  of  which  is  a  hole  half  a  foot  in  diame- 
ter, intended  to  receive  an  iron  ladle  pierced  with  holes,  and 
coated  with  clay.  The  refervoir  being  filled  with  water,  the  melt- 
ed copper  is  poured  through  the  holes  in  the  lad'e  into  the  water  ; 
where  itisbrpken  by  its  fall  into  fmaller  drops  or  grainj,  is  ren- 
dered 
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ment  of  animals ;  and  amongft  grains  thofe  which  contain 
a  farinaceous  matter  are  the  moft  agreeable  and  molt 
nutritive. 

Man,  who  appears  to  be  defigned  by  nature  to  eat  of  all 
fubftances  which  are  capable  of  nouriming  him,  and  ft  ill 
more  of  vegetables  than  animals,  has,  from  time  immemo- 
rial, and  in  all  parts  of  the  earth,  ufed  farinaceous  grains 
as  the  principal  bafis  of  his  food  :  but  as  thefe  grains 
cannot  be  without  difficulty  eaten  by  men  in  their  natural 
ftate,  this  active  and  intelligent  animal  has  gradually  found 
means  not  only  to  extract  the  farinaceous  part,  that  is,  the 
only  nutritive  part  of  thefe  grains,  but  alfo  to  prepare  it  fo 
that  it  becomes  a  very  agreeable  and  wholefome  aliment, 
fuch  as  the  bread  we  now  generally  eat. 

Nothing  appears  fo  eafy  at  firft  fight  as  to  grind  corn,  to 
make  a  pafte  with  the  flour  and  water,  and  to  bake  this 
pafte  in  an  oven.  They  who  are  accuftomed  to  enjoy  the 
advantages  of  the  fineft  human  inventions,  without  re- 
flecting on  the  labor  it  has  coft  to  compleat  them,  think 
all  thefe  operations  common  and  trivial.  However,  it  ap- 
pears very  certain,  that  for  a  long  time  men  no  otherwife 
prepared  their  corn  than  by  boiling  and  forming  compact, 
yifcous  cakes,  not  very  agreeable  to  the  tafte,  and  of  diffi- 
cult digeftion,  before  they  were  able  to  make  bread  of  good 
tafte  and  quality,  as  we  have  now.  It  was  neceflary  to 
invent  and  compleat  ingenious  machines  for  grinding  corn, 
and  feparating  the  pure  flour  with  little  trouble  and  labor ; 
and  that  inquiries,  or  rather  fome  happy  chance,  which 
fome  obferving  perfon  availed  himfelf  of,  mould  djfeover 
that  flour  mixed  with  a  certain  quantity  of  water  is  fufceptible 
of  a  fermentation,  which  almoft  entirely  deftroys  its  vifci- 
dity,  heightens  its  tafte,  and  renders  it  proper  to  make  a 

dered  folid  by  the  cold  water,  and  is  collected  in  the  moveable 
bottom,  which  is  afterwards  to  be  railed  by  the  annexed  chain, 

that  the  granulated  copper  may  be  taken  out.  The  above  is 

the  procefs  generally  employed  for  making  hrafs.  But  to  make 
the  finer  and  more  malleable  kinds  of  brafs,  befides  the  choice  of 
pure  calamine  and  pure  copper,  fome  manufacturers  cement  the 
brafs  a  fecond  time  with  calamine  and  charcoal,  and  fometimes 
add  to  it  old  brafs,  by  which  the  new  is  faid  to  be  meliorated. 

Brafs  is  brittle  when  hot,  but  is  fo  du&ile  when  cold  that  it  may 
be  drawn  into  very  fine  wire.  Its  beautiful  color,  its  hardnefs,  its 
malleability,  its  fufibility,  by  which  it  may  be  eafily  caft^  into 
moulds,  and  i  s  quality  of  being  lefs  fubject  to  ruft  or  verdigrif^ 
than  copper,  render  it  fit  for  the  fabrication  of  many  utenfils.  ^ 
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light  bread,  very  agreeable  to  the  tafte,  and  of  eafy  diges- 
tion. 

This  eflential  operation,  on  which  the  good  quality  of 
bread  depends,  is  entirely  of  the  province  of  chemiftry.  It 
would  add  to  the  honour  of  the  ancient  cultivators  of  che- 
miftry, to  attribute  to  them  fo  ufeful  and  important  a 
diicovery  ;  but  unhappily  it  is  too  probable  that  they  had  no 
fhare  in  it.  The  ancient  chemifts  were  engaged  in  other 
purfuits  than  that  of  bread  and  other  common  objects. 
They  hoped  to  make  gold ;  and  what  is  bread  in  comparifon 
with  gold  ? 

However  that  be,  to  the  fortunate  invention  of  railing 
the  pafte  before  baking  we  owe  the  perfection  of  the  art  of 
making  bread.  This  operation  confifts  in  keeping  fome 
palte  or  dough,  till  by  a  peculiar  fpirituous  fermentation  it 
iwells,  rarefies,  and  acquires  a  fmell  and  tafte  quick, 
pungent,  fpirituous,  fomewhat  four,  and  rather  difagreeable. 
A  fmall  quantity  of  this  fermented  dough  is  well  worked 
with  fome  frefh  dough,  which  is  by  that  mixture,  and  mode- 
rate heat,  difpofed  to  a  fimilar,  but  lefs  advanced  fermen- 
tation than  that  above-mentioned.  By  this  fermentation 
the  dough  is  attenuated  and  divided,  air  is  introduced  into 
it,  which  being  incapable  of  difengaging  itfelf  from  the 
tenacious  and  folid  pafte,  forms  in  it  fmall  cavities,  raifes 
and  fwells  it :  hence  the  fmall  quantity  of  fermented  pafte 
which  difpofes  the  reft  to  ferment,  is  called  leaven,  from 
the  French  word  lever,  fignifying  to  raife. 

When  the  dough  is  thus  raifed,  it  is  in  a  proper  ftate  to 
be  put  into  the  oven,  where,  while  it  is  baked,  it  dilates 
itfelf  ftill  more  by  the  rarefaction  of  the  air,  and  of  the 
fpirituous  fubftance  it  contains,  and  it  forms  a  bread  full 
of  eyes  or  cavities,  confequently  light,  and  entirely  dif- 
ferent from  the  heavy,  compact,  vifcous,  and  indigefted 
maffes  made  by  baking  unfermented  dough. 

The  invention  of  beer,  or  wine  of  grains,  furnifhes  a  new 
matter  ufeful  in  the  making  of  bread.  This  matter  is  the 
froth  which  forms  upon  the  furface  of  thefe  liquors  during 
fermentation.  When  it  is  mixed  with  dough,  it  raifes  it 
better  and  more  quickly  than  ordinary  leaven.  It  is  called 
yeaji  or  barm.  By  means  of  this  the  fineft,  lighted  bread  is 
made.  It  often  happens  that  bread  made  with  leaven 
dough  has  a  fourifh  and  not  agreeable  tafte,  which  may 
proceed  from  too  great  a  quantity  of  leaven,  or  from  leaven 
in  which  the  fermentation  has  advanced  too  far.  This 
inconvenience  does  not  happen  to  bread  made  with  yeaft ; 

i  became 
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becaufe  the  fermentation  of  this  fubftance  is  not  too  fL'r 
advanced,  or  becaufe  more  attention  is  given  to  that  finer 
bread. 

It  may  be  afked,  why,  fince  dough  is  capable  of  ferment- 
ing fpontaneoufly  and  fingly,  as  we  fee  from  the  leaven,  a 
fubftance  is  added  to  difpofe  it  to  ferment.  The  true 
reafon  is,  that  all  the  parts  of  a  fermenting  fubftance  do  not 
ferment  at  the  fame  time,  nor  to  the  fame  degree ;  fo  that 
fome  parts  of  this  fubftance  have  finifhed  their  fermentation 
while  others  have  not  yet  begun.  The  fermentable  liquors 
which  contain  much  fugar,  as  hydromel,  and  muft  of 
wines,  give  proofs  of  this  truth ;  for,  after  thefe  liquors 
have  become  very  vinous,  they  have  ftill  very  diftinctly  a 
faccharine  tafte  :  but  all  faccharine  matter  is  ftill  fufceptible 
of  fermentation ;  and,  in  fact,  if  vinous  hydromel,  or 
muft,  or  even  new  beer,  be  diftilled,  fo  that  all  their  ardent 
fpirit  mail  be  feparated,  and  the  refiduums  diluted  with 
water,  we  fhall  fee  a  fecond  fermentation  take  place,  and  a 
new  quantity  of  ardent  fpirit  formed. 

The  fame  thing  precifely  happens  to  dough,  and  ftill 
more  fenfibly,  from  its  vifcofity  and  want  of  fluidity ;  fo 
that  if  it  be  left  to  ferment  alone,  and  without  the  help  of 
leaven,  as  the  fermentation  proceeds  very  flowly  and  iuc- 
ceflively,  the  parts  which  ferment  firft  will  have  become 
four  and  vapid  before  all  the  reft  be  fufficiently  attenuated 
and  changed,  by  which  the  bread  will  acquire  a  difagree- 
able  tafte. 

A  mixture  of  a  fmall  quantity  of  leaven  with  dough 
effectually  prevents  this  inconvenience ;  becaufe  the  effect 
of  this  leaven,  and  of  all  fermenting  fubftances,  is  to  difpofe 
to  a  fimilar  fermentation  all  matters  capable  of  it,  with 
which  it  is  mixed  ;  or  rather,  by  means  of  leaven,  the  fer- 
mentation of  all  the  parts  of  fuch  fubftances  is  effected 
more  nearly  at  the  fame  time. 

Bread  well  raifed  and  baked  differs  from  unfermented 
bread,  not  only  in  being  lefs  compact,  lighter,  and  of  a 
more  agreeable  tafte,  but  alfo  in  being  more  eafily  mif- 
cible  with  water,  with  which  it  does  not  form  a  vifcous 
mafs  ;  and  this  circumftance  is  of  great  importance  in  di- 
geftion. 

BRONZE.  Bronze  is  a  compound  of  copper  and  tin, 
to  which  fometimes  other  metallic  fubftances,  particularly 
zinc,  are  added. 
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Bronze  is  brittle,  hard,  and  fonorous.  It  is  employed 
for  various  ufes,  as  for  making  bells,  cannons,  and  ftatues ; 
and  the  proportions  of  the  component  metals  are  varied  to 
luit  the  ieveral  ufes  to  which  it  is  applied. 

The  compound  of  copper  and  tin  has  a  greater  than  the 
intermediate  fpecific  gravity.  Two  ounces  of  a  metal 
compofed  of  four-fifths  of  pure  copper,  and  one  fifth  of 
pure  tin  have  feven  grains  and  the  tenth  of  a  grain  more  of 
fpecific  gravity,  than  the  fame  quantities  of  thefe  two 
metals  not  allayed  have,  (m)  This  proves  that  in  th<j 
union  of  copper  and  tin  there  is  a  penetration  of  parts  ;  that 
is,  that  one  metal  enters  into  the  pores  of  the  other.  Per- 
haps even  this  effect  is  reciprocal. 

Many  chemifts,  and  particularly  Glauber  and  Becker, 
have  a  long  time  ago  remarked,  that  the  fpecific  gravities 
of  metallic  allays  differed  more  or  lefs  from  what  they 
ought  to  be,  if  there  were  no  penetration,  and  that  fome- 
times  the  effect  is  contrary.  But  lately  this  matter  has 
been  treated  with  more  precifion.  Several  good  chemifts, 
fiich  as  Eifporn,  Hahn,  KrafFt,  and  Gellert,  have  given 
refults  of  well  conducted  experiments  on  this  fubject.  See 
Gellert's  Metallurgic  Chemijlry.  See  the  words  Allay,  Gra- 
vity (Specific). 

Mr.  Tillet,  member  of  the  Royal  Academy  of  Sciences, 
obferves,  in  his  Memoir  concerning  the  ductility  of  metals, 
that  when  the  mixture  of  copper  with  tin  is  made  in  the 
proportions  above-mentioned,  the  color  of  the  copper  is 
entirely  annulled  and  covered  by  that  of  the  tin,  although 
the  quantity  of  copper  be  four  times  the  quantity  of  tin. 
This  fingular  effect  cannot  be  underftood  without  admitting 
a  total  change  in  the  iize  and  difpofition  of  the  pores  of  the 
compound  metal ;  which  confequently  is  a  new  proof  of 
the  reciprocal  penetration  of  the  two  metals. 

As  tin  is  lefs  ftnfible  to  the  action  of  falts,  of  moifturev 
and  of  the  air,  than  copper,  it  is  alfo  lefs  liable  to  ruft : 
hence  bronze  is  lefs  apt  to  be  covered  with  verdigrife  than 
pure  copper  is.  This  is  one  reafon  why  this  allay  is  ufed 
for  cannons,  ftatues,  and  works  expofed  to  the  air  and 
weather. 

(m)  The  author  means,  I  fuppofe,  that  a  metallic  mafs, 
weighing  two  ounces,  compofed  of  four  fifths  of  copper  and  one 
fifth  part  of  tin,  weighs,  in  water,  7 ,3  grains  more  than  the 
fame  quantites  of  thefe  two  metals  would  together  weigh,  in  water, 
if  not  allayed. 

The 
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The  greater  fufibility  of  bronze  than  of  copper  is  alfo 
an  advantageous  property,  and  much  facilitates  the  cafting 
of  large  works,  as  ftatues,  bells,  and  cannon. 

Laftly,  a  phenomenon  worthy  of  attention  is,  that  tin, 
though  greatly  fofter  and  lefs  fonorous  than  copper,  never- 
theless renders  this  metal,  by  being  allayed  with  it  in  a  proper 
proportion,  more  hard  and  more  fonorous  :  hence  this  allay 
is  ufed  for  bells. 

The  operation  by  which  large  works  of  bronze  are  caft 
is  fufficiently  fimple.  For  this  purpofe  a  brick  furnace  is 
ufed,  nearly  the  fhape  of  an  oven  for  baking  bread.  The 
floor  of  this  furnace  is  concave,  and  confifts  of  a  com- 
pofition  of  fand  and  clay.  In  this  hollow  floor  the  metals 
to  be  fufed  are  put.    The  furnace  has  three  openings. 

The  firft  is  a  lateral  mouth,  at  which  enters  the  flame  of 
wood  placed  in  a  fecond  furnace  on  one  fide  of  the  firft  : 
the  fecond  opening  is  a  chimney  placed  on  the  fide  oppofite 
to  the  mouth,  by  means  of  which  the  flame  is  drawn  over 
the  metal.  The  third  opening  is  a  hole  which  is  opened 
and  fhut  at  pleafure,  through  which  the  inner  part  of  the 
furnace  may  be  occafionally  infpe£r.ed,  that  the  ftate  of  the 
.  metal  may  be  obferved.  When  the  metal  is  in  the  ftate 
required,  a  fourth  opening  is  then  unclofed,  communi- 
cating with  the  hollow  floor,  and  through  which  the  melted 
metal  flows  by  channels  into  the  moulds  prepared  to  re- 
ceive it. 

BUTTER.  Butter  is  the  fat,  oily,  and  inflammable 
part  of  milk.  This  kind  of  oil  is  naturally  diftributed 
through  all  the  fubftances  of  the  milk,  in  very  fmall  par- 
ticles, which  are  interpofed  betwixt  the  cafeous  and  ferous 
parts,  amongft  which  it  is  fufpended  by  a  flight  adhefion, 
but  without  being  diflblved.  It  is  in  the  iame  ftate  in 
which  oil  is,  in  emulfions ;  hence  the  fame  whitenefs  of 
milk  and  emulfions,  and  hence  by  reft  the  oily  parts  fepa- 
rate  from  both  thefe  liquors  to  the  furface,  and  form  a 
cream.    See  Emulsion. 

When  butter  is  in  the  ftate  of  cream,  its  proper  oily  parts 
are  not  yet  fufficiently  united  together  to  form  a  homogene- 
ous mais.  They  are  ftill  half  feparated  by  the  interpofition 
of  a  pretty  large  quantity  of  cafeous  and  ferous  particles. 
The  butter  is  complcatly  formed  by  prefling  out  thefe 
heterogeneous  parts  by  means  of  continued  percuffion.  It 
then  becomes  an  uniform  foft  mafs. 

Frefh  butter,  which  has  undergone  no  change,  has 
fcarcely  any  fmell ;  its  tafte  is  mild  and  agreeable,  it  melts 

with 
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with  a  weak  heat,  and  none  of  its  principles  are  difengaged 
by  the  heat  of  boiling  water.  Thefe  properties,  together 
with  that  of  not  inflaming  but  with  a  heat  greater  than  that 
of  boiling  water,  capable  of  decompofing  it,  and  reducing 
it  to  vapors*  prove  that  the  oily  part  of  butter  is  of  the 
nature  of  the  mild,  fat,  and  fixed  oils  obtained  from  many 
vegetable  fubftances  by  exprefiion.  See  Oils  (Sweet 
Expressed). 

The  half  fluid  confiftence  of  butter,  as  of  moil:  other 
concrete  oily  matters,  is  caufed  by  a  confiderable  quantity 
of  acid,  united  with  the  oily  part  :  but  this  acid  is  fo  well 
combined,  that  it  is  not  fenfible  while  the  butter  is  frefh, 
and  has  undergone  no  change  ;  but  when  it  grows  old,  and 
undergoes  fome  kind  of  fermentation,  then  the  acid  is  dif- 
engaged more  and  more  ;  and  this  is  the  caufe  that  butter, 
like  oils  of  the  fame  kind,  becomes  rancid  by  age. 

The  acid  of  butter  is  more  quickly  and  fenfibly  difengaged 
by  fire.  If  butter  be  expofed  to  a  degeee  of  fire  ftrong 
enough  to  make  it  fmoke,  vapors  are  exhaled  from  it  in- 
fupportably  acrid,  which  draws  tears  from  the  eyes,  and 
excite  coughing,  as  may  be  daily  obferved  in  kitchens. 
Thefe  vapors  are  nothing  elfe  than  the  difengaged  acid* 
The  remaining  part  of  the  butter  after  this  operation  has  a 
ftrong  tafte,  very  different  from  its  former  mildnefs  ;  becaufe 
the  part  of  the  acid  which  is  not  exhaled  is  Become  fenfible 
and  half-difengaged  by  the  action  of  the  fire.  The  fame 
thing  precifely  happens  when  butter  is  diftilled  in  a  retort. 

To  decompofe  butter  by  diftillation,  a  much  greater  heat 
than  that  of  boiling  water  muft  be  applied  to  it :  acid  vapors 
are  then  raifed  of  confiderable  volatility  and  acrimony. 
Thefe  vapors  are  accompanied  with  a  fmall  portion  of  oil, 
which  being  that  part  which  is  moftly  deprived  of  its  acid, 
does  not  congeal ;  then  a  fecond  oil  of  a  red  color  pafles, 
which  congeals  when  cold,  and  which  becomes  more  and 
more  thick  as  the  diftillation  advances.  Laftly,  a  fmall 
quantity  of  charry  matter  remains  m  the  retort,  wvhich  in 
an  open  fire  can  be  fcarcely  burnt  entirely,  and  reduced  to 
afhes. 

If  the  congealed  oil  in  the  receiver  be  again  diftilled, 
more  acid  and  fluid  oil  are  obtained.  Thus  the  whole  of  it 
may  be  reduced  into  acid  and  fluid  oil  by  repeated  diftilla- 
tions. 

The  acid  obtained  is  accompanied  with  phlegm,  particu- 
larly at  firft,  and  with  a  portion  of  oil  united  with  it,  which 
it  renders  foluble  in  water,  and  to  which  it  partly  owes  its 
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volatility.  It  is  owing  to  this  oil  that  the  acid  has  the  em- 
pyreumatic  fmell  of  burnt  butter. 

There  are  many  eflential  remarks  to  be  made  upon  this 
analyfis  of  butter  by  diftillation  ;  becaufe  it  prefents  exactly 
the  fame  phenomena  as  the  analyfis  of  all  other  concrete 
oily  matters  of  the  fame  kind,  fuch  as  wax,  fuet,  cacao 
butter,  fperma-ceti,  and  may  be  confidered  as  a  fpecimen 
of  the  decompofition  of  all  thefe  matters. 

Firft,  it  is  neceflary  that  thefe  diftillations  mould  be  made 
flowly,  and  with  the  precife  degree  of  heat  necefTary  for 
continuing  a  moderate  diftillation ;  becaufe  when  the  diftil- 
lation is  too  much  hurried,  the  acid  has  not  time  to  fepa- 
rate  itfelf,  and  the  concrete  oily  matter  pafles  almoft  entirely 
into  the  receiver  without  fuftering  any  decompofition  :  but 
whatever  management  be  employed,  a  confiderable  part  of 
this  half-decompofed  matter  always  pafles,  which  muft 
be  fubjedted  to  future  diftillations  in  order  to  reduce  it  to 
fluid  oil. 

Secondly,  when  the  diftillation  is  too  much  hurried,  the 
acid  pafles  in  white  fenfible  vapors  from  the  quantity  of 
oil  united  with  it.  For  the  fame  reafon,  towards  the  end 
of  the  diftillation,  when  the  fire  muft  be  raifed,  the  acid 
always  pafles  in  this  form  of  white  fenfible  vapors. 

Thirdly,  at  each  diftillation  of  butter,  or  of  its  congealed 
oil,  there  is  always  a  portion  of  oil  entirely  decompofed  ; 
and  thus  the  quantity  continually  diminifhes,  and  fenfibly. 

This  quantity  of  entirely  decompofed  oil  is  proportion- 
able to  the  quantities  of  phlegm,  acid,  charry  refiduum,  or 
earthy  phlogifticated  matter,  which  are  obtained  at  each 
diftillation,  and  are  the  proximate  principles  of  the  oil. 
This  remark  is  applicable  to  the  diftillation  of  any  oil.  See 
Oil. 

We  ought  alfo  to  obferve  in  general  upon  this  analyfis  of 
butter,  that  this  matter,  although  derived  from  animal 
bodies,  does  not  yield  a  particle  of  volatile  alkali ;  neither 
does  the  fat  of  animals  ;  which  proves  that  thefe  fubftances 
are  not  affimilated  to  other  animal  fubftances,  all  which, 
when  decompofed,  furnifh  volatile  alkali,  without  except- 
ing the  oils  obtained  from  thefe  fubftances. 

Butter  is  conftantly  ufed  in  food,  from  its  agreeable  tafte ; 
but  to  be  wholefome,  it  muft  be  very  frefh,  and  free  from 
rancidity,  and  alfo  not  fried  or  burnt;  otherwife  its  acrid 
and  even  cauftic  acid  being  difengaged,  diforders  digeftion, 
renders  it  difficult  and  painful,  excites  acrid,  empyreu- 
matic  belchings,  and  laftly,  introduces  much  acrimony 
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into  the  blood.  Some  perfons  have  fo  delicate  ftomachs^ 
that  they  are  even  affedted  with  thefe  inconveniences  by 
frefh  butter  and  by  milk.  See  Milk.  This  obfervation  is 
alfo  applicable  to  oil,  to  fat,  to  chocolate,  and  in  general 
to  all  oleaginous  matters. 

BUTTER  ./ANTIMONY.  Butter  of  antimony, 
called  by  fome  chemifts  the  glacial  oil  of  antimony ,  is  com- 
pofed  of  marine  acid  united  with  the  reguline  part  of  anti- 
mony. 

This  is  one  of  the  Combinations  which  cannot  be  made 
directly;  that  is,  by  the  application  of  pure  and  liquid 
marine  acid  to  the  regulus  of  antimony ;  for  in  this  manner 
the  marine  acid,  however  ftrong,  diflblves  none,  or  almoffc 
none,  of  the  regulus  :  but  when  the  acid  is  in  its  higheft 
degree  of  concentration,  reduced  almoft  to  drynefs,  as  it  is 
in  feveral  combinations,  and  when  the  body  to  which  it  is 
united  has  a  weaker  affinity  to  it  than  the  regulus  of  anti- 
mony has,  then  it  quits  that  body  to  unite  with  the  regulus, 
and  forms  the  butter  of  antimony. 

Marine  acid  united  with  mercury  has  all  the  above-men- 
tioned conditions;  wherefore  butter  of  antimony  may  be 
made  by  mixing  together  corrofive  fublimate  and  regulus  of 
antimony,  both  well  powdered,  and  by  applying  a  certain 
heat  and  diftillatiom 

Lemeri,  the  moft  exact  of  the  operators  who  have  written, 
fays,  that  the  beft  proportion  of  corrofive  fublimate  and 
regulus  of  antimony  is  fixteen  parts  of  the  former  to  fix 
parts  of  the  latter.  He  obferves,  that  this  mixture  fre- 
quently becomes  very  hot,  fome  time  after  it  has  been  made. 
This  heat  proceeds  from  the  re-action  of  the  two  matters 
*pon  each  other  even  without  fire. 

To  proceed  to  the  diftillation  of  bytter  of  antimony  :  this 
mixture  muft  be  put  in  a  retort  of  convenient  fize,  the 
neck  of  which  ought  to  be  large  and  fhort ;  this  retort  is 
to  be  placed  in  a  furnace  with  a  fand-bath;  a  receiver  is  to 
be  luted,  and  the  diftillation  is  to  be  carried  on  at  firft  by  a 
gentle  fire,  which  is  to  be  encreafed  as  more  heat  becomes 
neceflary  to  continue  the  operation ;  a  heavy  liquor  rifes, 
which  congeals  in  the  receiver  when  it  cools ;  this  is  the 
butter  of  antimony.  The  operation  is  flopped  when  it 
appears  that  it  cannot  be  continued  without  a  great  encreafe 
of  heat,  by  which  fluid  mercury  would  be  diftilled  inftead 
of  butter  of  antimony. 

If  then  it  be  required  to  obtain  this  mercury,  which  is  a 
very  pure  mercurv,  revived  from  corrofive  fublimate;  before 
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the  fire  is  encreafed,  it  is  proper  to  remove  the  receiver,  and 
apply  another  containing  fome  water. 

It  is  evident,  that  as  the  marine  acid  only  unites  with 
the  reguius  of  antimony  by  difengaging  itfelf  from  the 
mercury  of  the  corrofive  fublimate,  this  latter  metal  ought 
to  appear  in  its  proper  fluid  form  ;  but  as  it  is  lefs  volatile 
than  the  butter  of  antimony,  it  does  not  rife  till  this  has 
palled,  and  the  fire  be  encreafed. 

Butter  of  antimony  may  alfo  be  made  by  ufing  antimony 
itfelf  inftead  of  its  reguius ;  becaufe  the  acid  of  corrofive 
fublimate  attacks  as  eafily  the  reguius  of  antimony  in  the 
antimony  itfelf,  although  it  be  there  united  with  fulphur, 
as  when  it  is  pure  :  but  it  is  evident,  that  in  this  cafe  more 
antimony  muft  be  ufed,  than  the  requifite  quantity  of 
reguius  in  the  preceding  operation.  Lemeri  obferves,  that 
twelve  parts  of  antimony  are  necelTary  for  fixteen  parts  of 
corrofive  fublimate. 

When  butter  of  antimony  is  made  by  this  latter  method, 
it  more  readily  congeals,  and  is  more  folid  than  when  made 
with  the  reguius. 

Mr.  Baron,  in  his  notes  on  Lemeri's  Chemiftry,  fays, 
that  this  proceeds  from  the  greater  quantity  of  acid  con- 
tained in  the  butter  made  with  the  reguius  than  in  that 
made  with  antimony.  This  matter  would  require  a  parti- 
cular examination. 

However  that  may  be,  a  part  of  this  butter  made  with 
antimony  always  congeals  in  the  neck  of  the  retort,  and  is 
frequently  accumulated  there  in  fufficient  quantity  to  block 
up  the  paffage,  by  which  means  the  confined  vapors  may 
occafion  an  explofion.  This  inconvenience  is  prevented 
by  applying  a  hot-coal  near  the  neck  of  the  retort,  by 
which  the  butter  is  melted,  and  made  to  flow  into  the 
receiver. 

It  is  evident,  that  when  the  butter  of  antimony  is  made 
with  antimony,  if  the  diftillation  be  continued  after  the 
butter  has  palfed,  v/e  fhall  not  then  obtain  fluid  mercury, 
but  a  combination  of  mercury  with  the  fulphur  of  the  anti- 
mony, that  is,  a  cinnabar  will  be  fublimed.  This  is  called 
the  cinnabar  of  antimony.  See  Mercury,  Sulphur,  and 
Cinnabar. 

This  cinnabar  makes  its  appearance  towards  the  end  of 
the  operation  by  red  vapors.  As  foon  as  thefe  are  feen,  the 
receiver  ought  to  be  changed. 

The  butter  of  antimony  made  by  either  of  thefe  opera- 
tions, efpecially  by  the  latter,  is  generally  rendered  more  or 
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hfs  impure  by  fome  fluid  mercury,  or  by  fome  cinnabar, 
which  are  raifed  along  with  it :  but  it  is  eafily  purified  from 
thefe  extraneous  fubftances  by  a  fecond  diftillation  with  a 
gentle  heat,  when  it  pafTes  very  white  and  pure.  This 
fecond  diftillation,  as  all  other  repeated  diftillations  and 
fublimations  for  the  purifying  of  fubftances,  is  called  recti- 
fication. 

Sweet  fublimate,  mercurial  panacea,  and  white  precipitate, 
are  alfo  mercurial  combinations  with  marine  acid  ;  and,  like 
the  corrofive  fublimate,  are  capable  of  being  decompofcd  by 
means  of  regulus  of  antimony,  and  of  forming  whh  it 
kinds  of  butter  of  antimony.  But  Lemeri  obferves,  that 
thefe  butters  are  lcfs  cauftic  than  that  made  with  corrofive 
fublimate  ;  undoubtedly,  becaufe  thefe  mercurial  compounds 
contain  lefs  marine  acid. 

Laftly,  butter  of  antimony  may  be  made  with  luna  cornea, 
which  is  a  combination  of  filver  with  very  concentrated 
marine  acid,  which  is  nearly  in  the  fame  ftate  as  it  is  in 
corrofive  fublimate,  (fee  Luna  Cornea)  ;  becaufe  the 
marine  acid  has  lefs  affinity  with  filver  than  with  regulus  of 
antimony.  This  butter  is  called  the  lunar  butter  of  anti- 
mony. 

Butter  of  antimony  then  contains  a  very  concentrated 
marine  acid,  which  is  not  fo  intimately  engaged  with  the 
regulus  of  antimony  as  to  lofe  all  its  properties ;  hence  we 
may  account  for  the  property  which  the  butter  of  antimony 
has  of  attracting  moifture  from  air,  and  for  its  caufticity ; 
for  it  is  ftrongly  corrofive,  and  is  applied,  like  lspis  infer-* 
nalis,  to  ulcers  and  to  carious  bones.    See  Causticity. 

This  metallic  fait  has  been  called  butter,  from  its  con- 
fiftence,  which  is  nearly  the  fame  as  that  of  butter,  and 
from  the  facility  with  which  it  melts  with  a  very  gentle 
heat. 

Butter  of  antimony  ought  to  be  clafTed  amongft  the  falts 
which  are  at  once  cryftallizable  and  deliquefcent ;  for 
however  confufed  the  mafs  feems  after  diftillation,  it  is  in 
fact  a  heap  of  very  fmall  cryftals. 

By  the  operation  of  butter  of  antimony,  and  its  pro- 
perties, feveral  efieniial  properties  of  the  marine  acid  and 
of  regulus  of  antimonv  are  difcovered. 

Firft,  although  the  marine  acid  has  a  great  affinity  with 
this  femi-metal,  it  cannot  diftblve  it,  but  when  highly 
concentrated.  This  phenomenon  is  analogous  to  thefe 
prefented  by  the  marine  acid  with  mercury  and  with  filver, 
to  both  which  it  has  a  great  affinity,  but  which  it  cannot 
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diflblve  unlefs  it  be  very  highly  concentrated,  or  applied  to 
them  when  their  aggregation  is  broken ;  as  we  fee  by  the 
operations  of  making  white  precipitate,  corrofive  fublimate,  luna, 
cornea,  and  of  the  concentrated  parting.    See  all  thefe  words. 

Secondly,  the  property  which  the  butter  of  antimony  has 
of  not  be  ;j;g  decor  pofed  by  fire  alone,  as  the  metallic  falts 
are  which  contain  the  vitriolic  and  nitrous  acids,  depends 
on  the  great  adhefion  which  the  marine  acid  contracts  with 
the  regulus  of  antimony,  as  it  generally  does  with  other 
metallic  matt  'S,  and  on  its  property  of  volatilizing  them, 
or  carrying  them  along  with  it  in  diftillation  \  which  we 
fee  happens  in  corrofive  fublimate,  luna  cornea,  fmoking 
fpirit  of  Libavius,  and  many  other  chemical  operations,  in 
which  the  moil  fixed  metals  are  carried  off  by  marine 
acid. 

Thirdly,  the  butter  of  antimony  is  by  the  affufion  of 
water  changed  in  its  nature,  or  rather  is  divided  into  two 
parts,  one  of  which  is  perfectly  diffolved  by  the  water,  and 
another  part  is  precipitated,  being  infoluble  by  water.  The 
difTolved  part  con'n  ns  its  greateft  pofTible  quantity  of  acid, 
and  the  precipitate  d  part  contains  the  leaft  poflible  quantity 
of  acid.  This  latter  part,  when  well  warned,  is  called 
mercurius  vita,  or  powder  of  algaroth.  See  Powder  of  Al- 
GAROTH. 

Mr.  Beaume  pretends,  that  the  powder  of  algaroth  is 
impropei.y  faid  to  contain  the  leaft  poflible  quantity  of  acid, 
fince,  by  a  fufHcient  lavation,  he  has  been  able  to  deprive 
it  of  every  veftige  of  an  acid. 

Butter  of  antimony  is  foluble  in  nitrous  acid ;  and  this 
folution  is  made  with  great  violence :  afterwards,  by  eva- 
poration of  the  acids,  a  white  calx  of  antimony  is  formed, 
called  Bezoar  mineral.    See  that  word. 

BUTTER  of  ARSENIC.  Butter  of  arfenic,  called 
alfo  corrofive  oil  of  arfenic,  is  a  combination  of  marine  acid 
with  aiienic.  This  combination  is  made  by  a  procefs 
fimilar  to  that  of  the  butter  of  antimony.  According  to 
Lemeri,  equal  parts  of  butter  of  arfenic  and  corrofive 
fublimate  ought  to  be  pulverifed,  well  mixed,  and  diftilled 
together;  by  which  a  butyraceous  liquor  is  obtained  fimilar. 
to  butter  of  antimony  in  its  external  appearance. 

When  the  diftillation  cannot  be  continued  without  con- 
fidently encreanng  the  fire,  the  receiver  ought  to  be  taken 
ofr..  and  another  receiver,  in  which  there  is  fome  water, 
adapted  to  the  retort ;  then,  upon  raifmg  the  fire,  fluid 
rnercury  may  be  obtained.    See  Butter  of  Antimony. 
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This  experiment  mews  that  the  affinity  of  marine  acid 
to  arfenic  is  greater  than  to  mercury.  In  this  operation 
the  mercury  is  revived  from  the  corrofive  fublimate. 

It  is  evident  that  this  butter  of  arfenic  muft  be  a  moll 
violent  cauftic.  It  ought  not  to  be  ever  ufed,  from  its 
poifonous  quality.    See  Arsenic. 

It  does  not  appear  that  this  combination  of  marine  acid 
with  arfenic  has  beeen  carefully  examined  by  any  chemift. 

BUTTER  of  CACAO.  Butter  of  cacao  is  an  oily, 
concrete,  white  matter,  of  a  firmer  confiftence  than  butter, 
or  even  than  fuet.  This  fubftance  is  extracted  from  the 
kernel  of  a  fruit  called  cacao,  with  which  chocolate  is  made. 

As  the  butter  of  cacao  is  a  true  congealed  oil,  it  cannot 
be  obtained  without  a  heat  fuflicient  to  melt  it.  The  belt 
method  is  to  bruife  the  cacao,  and  to  boil  it  in  water. 
AJmoft  all  the  fuperabundant  and  uncombined  oil,  which 
this  fubftance  contains,  is  liquified,  and  feparated  from  the 
parenchyma  and  extractive  part;  and  as  it  is  lighter,  it 
fwims  on  the  furface  of  the  liquor  in  which  it  is  left  to 
congeal,  that  it  may  more  eafily  be  taken  off.  This  butter 
is  generally  mixed  with  fome  broken  folid  bits  of  the  cacao 
fruit,  from  which  it  may  be  purified  by  melting  with  a 
very  gentle  heat  without  water,  in  a  pretty  deep  veffel,  and 
by  keeping  it  thus  melted,  long  enough  for  an  entire  fepara- 
tion  of  the  matters  to  take  place  according  to  their  fpecific 
gravities.  By  this  method,  a  very  white  and  pure  butter  of 
cacao  may  be  obtained. 

This  oily  concrete  fubftance  has  a  very  mild  tafte ;  it  has 
no  aromatic  fmell ;  it  does  not  rife  in  diftillation  without  a 
heat  fuperior  to  that  of  boiling  water  j  by  diftillation  it  is 
partly  decompofed ;  laftly,  it  does  not  flame,  till  it  is  fuffi- 
ciently  heated  to  be  reduced  into  vapors.  As  thefe  are 
precifely  the  properties  of  mild  and  fat  oils  obtained  from 
vegetable  and  animal  matters  by  exprellion  only,  the  butter 
of  cacao  muft  be  undoubtedly  ranged  in  this  clafs ;  and  as 
it  is  concrete,  it  is  analogous  to  other  concrete  oily  matters 
of  the  fame  nature,  fuch  as  wax,  fat,  butter  of  milk,  &c. 
It  alfo  prefents  the  fame  phenomena  as  thefe  fubftances  do, 
when  decompofed  and  attenuated  by  diftillation  j  for  which 
reafon,  fee  Butter. 

Butter  of  cacao  has  quite  the  fame  medicinal  properties 
as  all  the  mild  exprefled  oils.  It  is  emollient  and  blunting 
when  not  rancid ;  it  enters  into  the  compofition  of  poma- 
tums.   See  Oils  (Sweet  Expressed). 
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BUTTER  of  WAX.  Butter  of  wax  is  nothing  but 
half-decompofed  wax  ;  that  is,  wax  deprived  of  a  part  of  its 
acid  by  diftillation.  As  this  acid  is  the  caufe  of  the  con- 
fidence of  the  oily  part  of  wax,  the  reafon  is  evident  why. 
the  butter  is  fof.er  than  the  wax  itfelf.  It  has  a  ftrong 
fmell,  and,  when  left  expofed  to  the  air,  it  does  not 
refume  its  confidence,  in  which  it  effentially  differs  from 
refinous  matters.    See  Wax. 

BUTTER  5/  TIN.  Butter  of  tin  is  a  name  given  by 
fome  chemifts  to  a  combination  of  tin  with  the  concentrated 
marine  acid  of  corrofive  fublimate. 

Tin,  as  well  as  the  regulus  of  antimony,  has  a  ftronger 
affinity  to  marine  acid  than  mercury  has.  If  therefore 
corroiive  fublimate  and  tin,  reduced  to  fmall  parts,  be  mixed 
together,  thefe  two  fubftances  will  act  upon  each  other  even 
without  the  application  of  heat,  fo  that  in  time  the  mixture 
becomes  moift,  and  attracts  the  humidity  of  the  air.  If 
thefe  fubftances  be  diftilled  together  immediately  after  their 
mixture,  the  corrofive  fublimate  is  much  more  quickly 
decompofed  by  the  tin  ;  the  marine  acid  quits  the  mercury 
to  unite  with  the  tin,  the  greateft  part  of  which  it  carries 
off  along  with  it.  In  this  diftillation  a  kind  of  marine  fait 
with  bafts  of  tin  paffes  over.  Part  of  this  combination  is  in 
form  of  a  liquor  which  fmokes  continually,  even  when  cold. 
This  is  called  the  fmoking  fpirit  of  Libavius.  Another  part 
is  raifed  in  a  concrete  form,  which  more  particularly 
deferves  the  appellation  of  butter  of  tin,  although  it  feems 
that  feveral  chemifts  give  this  name  indifferently  to  the 
liquor  or  concrete  matter,  or  to  both  of  them  at  the  fame 
time.    See  Spirit  (Smoking)  of  Libavius. 

BUTTON.  By  the  word  button,  is  meant  the -metal 
which  is  collected  generally  in  a  roundifh  mafs  at  the  bottom 
of  a  crucible  after  fufion,  or  which  remains  in  the  cupels 
after  cupellation. 


CA  D  MI  A.  The  name  of  Cadmia,  or  Calamine,  is  given 
to  feveral  different  fubftances.  What  is  called  the 
Cadmia  of  the  furnaces  is  a  matter  which  is  fublimed  when 
ores  containing  zinc,  like  thofe  of  Rammelfberg,  are  fmelted. 
This  cadmia  confifts  of  the  flowers  of  zinc  fublimed  during 
the  fufion,  and  adhering  to  the  inner  furfaces  of  the  walls 
of  furnaces,  where  they  fuffer  a  femi-fufion,  and  therefore 
r.cquire  fome  folidity.     So  great  a  quantity  of  thefe  are 
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collected,  that  they  form  very  thick  incruftations,  which 
muft  be  frequently  taken  off.  The  name  of  Cadmia  of  fur- 
naces, has  alfo  been  given  to  all  the  foots,  and  metallic 
fublimates  formed  by  imelting  in  the  great,  although  there 
certainly  are  great  differences  in  thefe  matters.  See  Smelt- 
ing of  Ores. 

Several  authors  call  Native  or  Foffil  Cadima,  a  fort  of 
ftone  or  mineral,  containing  zinc,  iron,  and  fometimes 
other  fubftances.  It  is  of  a  yellow  or  reddifh  color,  and 
is  alfo  called  Calamy,  Calamine,  or  lapis  calaminaris.  Both 
this  mineral  and  the  Cadmia  of  Furnaces  are  ufed  for  the 
preparation  of  brafs.    See  Brass.  1 

Laftly,  fome  chemifts  have  given  the  name  of  Fojfil 
Cadmia  to  a  mineral  containing  arfenic,  frequently  bifmuth, 
filver,  and  particularly  the  femi-metal,  the  calx  of  which 
being  melted  with  verifiable  matters,  forms  a  beautiful  blue 
glafs.  This  mineral  is  better  known  by  the  name  Cobalt, 
which  alone  ought  to  be  given  to  it,  to  avoid  the  confufion 
attending  the  application  of  the  fame  name  to  different 
fubftances.    See  Cobalt. 

CALAMINE.    See  Cadmia,  and  Ores  of  Zinc. 

CALCINATION.  The  calcination  of  a  body  is, 
properly  fpeaking,  the  expofing  of  it  to  the  action  of  fire, 
to  produce  fome  change  upon  it. 

The  principal  effects  of  fire  in  chemical  operations  are  to 
carry  off  the  volatile  principles,  and  to  feparate  them  from 
the  fixed,  or  to  occafion  the  combuftion  of  inflammable 
matters.  Hence  it  follows  that  bodies  are  calcined  either  to 
deprive  them  of  fome  volatile  principle,  or  to  deftroy  their 
inflammable  principle,  and  fometimes  for  both  of  thefe 
purpofes. 

We  have  examples  of  the  firft  kind  of  calcination,  in  ex- 
pofing calcareous  earths  and  ftones  to  the  fire,  to  convert 
them  into  quicklime,  which  is  effected  by  the  entire  eva- 
poration of  the  watery  principle  contained  in  this  kind  of 
earth.    See  Quicklime. 

The  calcination  of  Gypfum,  of  Alum,  of  Borax,  and  of 
feveral  other  Salts,  by  fire,  which  deprives  them  of  the 
water  ncceffary  for  their  cryftallization  ;  the  roafting  of 
minerals,  by  which  th,e  fire  carries  off  the  fulphur,  arfenic, 
and  other  volatile  contents  j  ought  to  be  referred  to  the  firft: 
kind  of  calcination. 

We  have  an -example  of  the  fecond  kind  of  calcination, 
by  expofing  imperfect  metals  to  fire  ;  by  which  they  lofe 
their  inflammable  principle,  their  form,  and  metallic  pro- 
perties, 
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perties,  and  are  changed  into  earthy  matters  called  Metallic 
Calxes. 

It  is  neceffary  to  obferve,  that  this  fecond  calcination 
differs  eflentially  from  the  firft,  as  the  changes  produced  by 
it  upon  imperfect  metals  are  not  effected  by  evaporation, 
but  by  decompofition  and  deftruction  of  their  phlogifton. 
It  is  therefore  a  combufhen^  and  not  a  volatilifation  of  their 
inflammable  principle. 

Hence  it  follows,  that  the  firft  kind  of  calcination  may 
fucceed  without  the  contact  of  air  and  in  clofe  veffels,  al- 
though it  is  more  quick  and  complete  in  open  veffels,  from 
a  property  of  air,  by  which  it  greatly  accelerates  the  eva- 
porac-Oii  of  volatile  bodies.  See  Air.  But  as  the  fecond 
kind  of  calcination  is  a  true  combuftion,  like  that  of  all 
inflammable  bodies,  it  requires  all  the  conditions  neceflary 
for  combuftion,  and  particularly  the  free  accefs  of  air. 
See  Combustion  and  Calxes  (Metallic). 

There  are  many  bodies,  in  the  calcination  of  which  an 
evaporation  of  volatile  parts  happens,  and  alfo  a  deftruction 
or  deprivation  of  their  inflammable  principle,  although 
without  any  fenfible  combuftion  of  this  latter.  Such  par- 
ticularly are  all  combinations  of  imperfect  metallic  matters 
with  vitriolic  and  nitrous  acids:  when  thefe  bodies  are  ex- 
pofed  to  fire,  their  acid  evaporates,  and  at  the  fame  time 
carries  off  with  it  their  inflammable  principle.  We  have 
examples  of  this  kind  of  calcination  in  expofing  to  fire 
Martial  Vitriol  and  Bezoar  Mineral. 

As  vitriolic  acid,  and  flill  more  nitrous  acid,  deprive  the 
imperfect  metals  of  more  or  lefs  of  their  phlogifton  even 
without  fire,  feveral  of  thefe  metals,  particularly  iron, 
copper,  tin,  regulus  of  antimony,  are  reduced,  after  they 
have  been  diffolved  in  thefe  acids,  to  a  ftate  fimilar  to  that 
of  calcination  with  accefs  of  air  ;  that  is  to  fay,  they  be- 
come earths,  not  poffefTed  of  metallic  properties,  which 
they  cannot  refume  without  the  addition  of  phlogifton. 
Hence  moft  chemifts  confider  acids  as  capable  of  calcining 
thefe  metals,  and  they  accordingly  call  earths  of  metals 
which  have  been  dephlogifticated  by  acids,  without  fire, 
Calxes. 

Laftly,  nitrous  acid,  when  engaged  in  a  fixed  alkali,  that 
is,  nitre  having  the  property  of  inflaming  when  applied  to 
a  combuftible  fubftance  with  a  red  heat,  and  of  making  the 
phlogifton  of  thefe  bodies  burn,  becomes  a  very  powerful 
agent  for  the  calcination  of  many  fubftances,  and  parti- 
cularly of  imperfect  metals  and  charry  matters.    See  Nitre. 

We 
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We  have  a  very  good  example  of  this  kind  of  calcination 
in  the  preparation  of  diaphoretic  antimony. 

This  calcination  of  metals  by  nitre  is  effected  partly  by 
a  dephlogiftication  fimilar  to  that  by  nitrous  acid  in  humid 
folutions,  and  partly  by  combuftion  :  which  does  not  hin- 
der it  from  fucceeding  without  accefs  of  air,  and  in  clofe 
veflels,  from  the  peculiar  property  of  nitre  in  this  refpecl;. 
See  Nitre. 

It  is  proper  to  obferve,  that  certain  preparations  of  gold 
and  filver  are  improperly  called  calxes,  becaufe  they  are  not 
truly  calcined,  no  method  being  known  by  which  they  can 
•be  deprived  of  their  phlogifton.  See  Gold,  Silver,  and 
Metals  (perfect). 

What  is  improperly  called  Calx  of  Gold,  is  nothing  but  gold 
reduced  into  very  fine  particles,  either  by  amalgamation 
with  mercury,  or  by  its  feparation  from  other  folvents. 
Moft  of  thefe  improper  names,  found  in  fuch  numbers  in 
chemiftry,  proceed  from  the  ignorance  of  ancient  chemifts, 
and  ftill  more  of  alchemifts,  who  all  believed,  for  example, 
that  they  had  procefles  for  decompofing  and  calcining  gold. 
Nothing  is  more  equivocal  than  the  pretended  calcinations 
of  perfect  metals.  We  cannot,  however,  affirm  its  impof- 
fibility.  Some  fa£te  even  4eem  to  make  it  probable  j  fuch 
as  the  deftruction  of  gold  in  the  focus  of  Thirfnhau fen's 
great  lens,  an  account  of  which  is  publifhed  by  Homberg 
in  the  Memoirs  of  the  Academy  of  Sciences,  and  the  cal- 
cination of  gold  by  long  reverberation,  in  the  manner  of 
Ifaacus  Hollandus.  But  if  the  moft  fimple  and  eafy  expe- 
riments of  chemiftry  require  frequent  repetition  to  be  fuf- 
£ciently  eftablifhed,  certainly  thefe,  which  are  exceeding- 
ly difficult  and  laborious,  require  great  attention.  See 
Combustion,  for  fame  ejfential  obfervations  regarding  the  fe- 
cond  kind  of  calcination. 

CALXES  of  METALS.  Metallic  calxes  are  earths 
of  metals  deprived  of  their  phlogifton,  and  confequently  of 
their  metallic  properties. 

All  metallic  fubftances,  excepting  gold,  filver,  platina 
and  mercury,  are  fufceptible  of  being  deprived  of  their 
inflammable  principle  by  feveral  methods. 

The  firft  method  is  by  burning  their  phlogifton  in  open 
air,  and  by  a  calcination,  or  rather  a  combuftion  fimilar  to 
that  of  all  other  combuftible  matters.  See  Calcination 
and  Combustion. 

The  fecond  method  is  by  applying  to  metals  acids  capa- 
ble of  depriving  them  of  their  phlogifton,  fuch  as  vitriolic 
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acid,  and  particularly  nitrous  acid.  This  kind  of  calci- 
nation of  metals  is  made  in  the  humid  way,  and  by  folu- 
tion.  ^Solution. 

The  third  method  is  by  nitre,  with  which  metallic  mat- 
ters may  be  detonated.  This  third  method,  which  is  com- 
pofed  of  the  two  former,  is  the  moft  efficacious  and  expe- 
ditious.   See  Nitre,  and  Detonation  of  Nitre. 

The  earths  of  metals  deprived  of  phlogifton  by  any  of 
thefe  methods  have  properties  peculiar  to  each,  concern- 
ing which  the  articles  of  the  feveral  metallic  fubftances 
ought  to  be  confulted  ;  but  they  alfo  have  properties  ge- 
neral and  common  to  all.    Thefe  are  the  following: 

Not  only  calcined  metals  lofe  the  characteriftic  proper- 
ties of  metals,  but  alfo  the  following  changes  are  effected. 
The  more  perfectly  metallic  matters  are  calcined,  the  more 
they  lofe  of  their  fufibility  ;  fo  that  very  fufible  fubftances, 
fuch  as  tin  and  regulus  of  antimony,  are  rendered  by  a  per- 
fect, calcination,  (that  is,  till  they  become  very  white) 
bodies  abfolutely  infufible,  and  which  may  be  clafled 
amongft  thofe  that  are  refractory.  Hence  it  is  proved 
that  phlogifton  is  the  principle  of  fufibility  of  metals. 

In  proportion  as  metallic  fubftances  lofe  their  phlogif- 
ton, they  become  more  fixed.  This  property  is  lefs  fen- 
fible  in  metals,  from  their  fixity,  than  in  femi-metals,  all 
which  are  very  volatile  when  in  their  metallic  ftate,  and 
the  calxes  or  earths  of  which  become  exceedingly  fixed, 
as  we  fee  very  evidently  from  the  example  of  diaphoretic 
antimony,  which  refifts  the  moft  violent  fire  without  the 
leaft  lofs,  and  which  recovers  all  its  volatility,  if  it  be  re- 
store d  to  its  reguline  ftate  by  addition  of  phlogifton.  This 
proves  that  phlogifton  is  a  principle  efTentiaily  volatile, 
and  that  it  communicates  its  volatility  to  certain  bodies 
with  which  it  is  combined. 

Metallic  earths  become  lefs  foluble  in  acids,  and  particu- 
larly in  nitrous  acid,  by  being  deprived  of  phlogifton,  as  we 
may  perceive  from  crocus  martis  when  well  calcined,  from 
calxes  of  tin,  of  regulus  of  antimony,  &c.  Hence  we  are 
led  to  conclude,  that  the  folubility  of  metallic  fubftances 
by  acids,  and  particularly  by  nitrous  acid,  depends  on  the 
intervention  of  phlogifton :  for  if  calxes  be  reduced  by 
adding  phlogifton,  the  metals  refulting' from  that  reduction 
will  then  recover  their  folubility* 

What  we  have  faid  concerning  the  general  changes 
produced  by  calcination  of  metallic  matters,  upon  their 
fufibility,  their  fixity,  and  folubility,  may  alfo  be  applied 
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to  their  opacity,  their  fpecific  gravity,  in  a  word,  to  all  their 
metallic  properties,  which  are  always  diminifhed  fo  much 
more  in  metallic  calxes,  as  they  are  more  perfectly  dephlo- 
gifticated.  This  feems  to  indicate,  that  if  an  entire  and 
perfect  calcination  of  metallic  fubftances  could  be  effected, 
they  would  then  have  no  metallic  property,  and  perhaps 
they  would  not  fpecihcally  differ  from  each  other,  and  only 
be  one  and  the  fame  kind  of  earth.  This  is  certain,  that 
when  the  calcination  of  metals  has  been  too  long  continued, 
their  calxes  become  irreducible,  or  at  leaft  much  more 
difficultly  reducible ;  and  this  reduction  is  always  made 
with  lofs,  fo  that  the  quantity  of  metal  originally  calcined 
is  never  again  obtained. 

Although  metallic  calxes  are  effentially  different  from 
calx  of  ftone  or  quicklime,  they  have  neverthelefs  fome 
fimilar  properties,  particularly  thofe  which  relate  to  fixed 
and  volatile  alkalis.  Thus,  for  example,  fixed  alkalis  re- 
ceive from  metallic  calxes  the  fame  caufticity  and  properties 
as  from  quicklime ;  and  volatile  alkali  may  be  feparated 
from  fal  ammoniac  by  metallic  calxes,  and  particularly  by- 
minium,  as  it  may  by  quicklime ;  and  it  receives  the  fame 
changes,  that  is,  it  becomes  more  penetrating,  is  always 
fluid,  and  cannot  be  reduced  to  a  concrete  ftate,  when 
treated  with  a  fufficient  quantity  of  thefe  matters.  See 
Quicklime. 

CAMOMILE,  (o) 

CAMPHOR.  Camphor  is  a  vegetable,  concrete,  very- 
volatile  fubftance,  and  inflammable,  as  effential  oils  are  ; 
of  a  frrong  fmell,  and  eafily  foluble  in  fpirit  of  wine. 

From  all  thefe  properties,  camphor  perfectly  refembles 
refms ;  but  on  the  other  fide,  it  effentially  differs  from  them 
in  this,  that  when  expofed  to  fire  in  clofe  veffels,  it  is  entirely 
fublimed  without  fuffering  any  decompofition,  and  without 
leaving  any  refiduum  of  coal  or  other  matter.  Although 
it  has  a  ftrong  tafte,  it  has  not  the  acrimony  of  effential 
oils  :  the  moft  cauftic  alkalis  do  not  act  upon  it :  the  vitrio- 
lic and  nitrous  acids  diffolve  it,  but  without  effervefcence, 

(o)  Camomile.  In  the  cup  of  the  flowers  of  camomile  refides 
a  imall  quantity  of  blue  effential  oil.  The  flowers  contain  alfo  a 
faline  fubftance,  which  being  extracted  by  decoction  in  wine, 
precipitated  filver  and  mercury  from  nitrous  acid,  and  thefe  pre- 
cipitates were  different  from  luna  cornea  and  corrofive  fublimate. 
Ncttman.  Camomile  flowers  have  been  found  by  Dr.  Pringie's 
experiments  to  poffefs  eminently  an  antifeptic  quality. 

heat, 
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heat,  inflammation,  fcorching,  or  other  fenfible  change, 
even  when  thefe  acids  are  concentrated. 

Nitrous  acid  diffolves  camphor  without  commotion ;  and 
the  folution  is  clear  and  limpid.  It  is  called  Oil  of  Camphor. 
When  it  is  mixed  with  too  much  water,  the  mixture 
becomes  turbid  and  milky,  becaufe  the  acid  has  a  ftronger 
affinity  with  water  than  with  camphor.  The  camphor 
then  quits  the  acid,  and  appears  in  white  flocks,  which 
foon  precipitate  to  the  bottom  of  the  containing  velTel,  their 
weight  being  encreafed  by  fome  adhering  acid.  But  when 
this  acid  is  taken  off  by  the  water,  the  flocks  of  camphor 
rife  to  the  furface,  and  there  float.  When  they  are  com- 
pleatly  warned  and  dried,  they  are  found  to  be  comphor 
entirely  fimilar  to  what  it  was  before  this  folution  and  pre- 
cipitation. This  is  a  manifeft  proof  that  camphor  receives 
no  change  from  the  nitrous  acid ;  which,  however,  of  all 
acids,  acts  the  moft  powerfully  upon  oily  matters.  See  Oils 
(Essential)  and  Resins,  for  the  refsmblances  and  differences 
betwixt  camphor  and  thefe  fubftances. 

It  follows  from  what  has  been  faid  concerning  the  proper- 
ties of  camphor,  that  this  fingular  fubftance,  although  it  has 
many  of  the  effential  properties  of  oils  and  refins,  is  not, 
however,  comparable  to  any  of  thofe  which  are  known,  and 
forms  a  clafs  apart.  As,  excepting  its  concrete  ftate, 
camphor  approaches  more  to  the  nature  of  ether,  precifely 
by  thofe  very  properties  in  which  it  differs  from  oils,  it  is 
to  be  prefumed  that  this  fubftance  is  analogous  to  ether,  as 
Mr.  Macquer  conjectures  in  his  Elements  of  Chemiftry. 
See  Ether. 

All  the  camphor  which  is  fold  comes  from  India  and 
Japan.  It  is  procured  from  a  kind  of  laurel  called  Laurus 
Camphor  if  era,  great  numbers  of  which  grow  in  the  ifland 
Borneo.  A  long  time  this  tree  was  believed  to  be  the 
only  vegetable  containing  camphor  ;  but  feveral  modern 
chemifts,  and  particularly  Mr.  Cartheufer,  have  difcovered, 
that  many  aromatic  plants,  as  thyme,  rofemary,  fage,  and 
almoft  all  the  labiaied  kind,  contain  a  fubftance  of  the 
nature  of  camphor,  which  may  be  extracted,  although  in 
very  fmall  quantities. 

Camphor  when  firft  extracted  from  its  tree  is  mixed  with 
many  impurities,  and  is  then  called  Rough  Camphor.  The 
Dutch,  who  chiefly  make  a  trade  of  it,  purify  it  by  fubli- 
mation  in  glafs  matraffes. 

Camphor  is  ufed  in  medicines  as  fedative  and  antifpaf- 
modic.    It  fucceeds  well  in  many  convulfions,  and  other 
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nervous  affections.  This  quality  is  common  to  it,  and  to 
all  other  ethereal,  oily,  volatile  fubftances,  fuch  as  Ether, 
Dippel' s  Animal  oil,  highly  rectified  EJfential  Oils,  Mufi,  Cajlor, 
Opium,  and  other  iimilar  fubltances.  Hoffman  has  obferved 
and  commended,  more  than  any  other  phyfician,  the 
fedative  powers  of  camphor.  This  fubftance  is  alfo  very 
fuccefsfully  ufed  as  a  powerful  antifeptic  ,  and  when  dif- 
folved  in  fpirit  of  wine,  is  employed  againft  gangrenes. 
CANTHARIDES.  (p) 

CAP.  The  piece  which  terminates  the  top  of  a  melt- 
ing furnace  is  called  the  Cap.  This  piece  has  the  form  of 
an  oblong  dome.  In  one  fide  there  is  a  large  oval  door, 
intended  for  the  introduction  of  a  confiderable  quantity  of 
coal  at  a  time,  becaufe  this  kind  of  furnace  confumes  a 
great  deal,  and  muft  be  quickly  fupplied.  The  upper  part 
of  the  cap  is  terminated  by  a  tube  or  chimney,  which  may 
be  lengthened  at  pleafure  by  the  addition  of  other  tubes  ad- 
justed to  each  other.    See  Furnace  (melting). 

CAPITAL.  The  Capital  or  Head  is  the  upper  part  of 
an  alembic.    See  Alembic. 

CAPUT  MORTUUM.  This  is  a  Latin  name 
given  to  fixed  and  exhaufted  refiduums  remaining  in  re- 
torts after  distillations. 

As  thefe  refiduums  are  very  different,  according  to  the 
fubftances  diftilled,  and  the  degree  of  heat  employed,  they 
ought  to  be  fpecified  more  particularly  by  adding  a  term 
denoting  their  qualities  ;  as,  for  example,  we  might  fay, 
Earthy  Rejiduum,  Charry  Rejiduum,  Saline  Rejiduum,  &c- 
This  method  is  more  accurate  and  diftincl,  and  is  chiefly 
ufed  by  modern  chemifts. 

CARDAMOM,  (q) 

CARDUUS.  (r) 

CARMINE 

(p)  Cantharides.  Thefe  infects  contain  a  very  acrid  reft- 
nous  fubftance,  fix  drams  and  two  fcruples  of  which  v/ere  extract- 
ed by  fpirit  of  wine  from  four  ounces  of  cantharides.  The  fti- 
mulating  power  of  cantharides  is  caufed  by  this  fubftance,  and 
not,  as  fome  imagine,  by  a  volatile  alkali,  of  which  they  yield 
lcls  by  analvlis  than  fome  other  animal  fubltances,  and  none' 
without  the  action  of  fire.  Ne union. 

(q)  Cardamom.  An  ounce  of  the  feeds  of  the  letter  carda- 
mom contain  about  a  fcruple  of  elfential  oil,  by  which  their 
pungency  and  aromatic  fmell  are  caufed,  with  fourteen  grains  of 
rcfinous  extract,  and  forty-five  grains  of  mucilage.  Neuman. 

(r)  Carduus  Benedictus.  From  fcur  ounces  of  the  leaves 
of  this  plant  may  be  obtained  about  \\  drams  of  relinous  extract 
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CARMINE,  (s) 
C  ARNELI  A"N.  (t) 
CASE-HARDENING,  (a) 
CASSIA,  (x) 
CASTOR,  (y) 

CAUSTIC  (COMMON).  Common  cauftic  is  a 
fixed  alkaline  fait,  fharpened  by  quicklime,  and  deprived 
of  all  moifture  by  drying  and  fufion.  The  alkali  employed 
for  this  preparation  is  generally  potafh.  A  lixivium  is 
made  with  quicklime,  like  that  of  the  foap-boilers,  called 
foap-leys.  See  Lixivium  of  Soap-boilers.  This  lixi- 
vium is  to  be  evaporated  to  drynefs  in  a  copper  or  filver 
veflel.  Afterwards  the  dry  matter  is  to  be  put  into  a  cru- 
cible, and  expofed  to  fire  till  it  flow  like  melted  wax. 
Then  it  is  to  be  poured  into  a  bafon,  and  quickly  cut  into 

by  means  of  fpirit  of  wine ;  or  from  the  fame  quantity  of  leaves, 
about  6  i  of  mucilaginous  extract  by  means  of  water.  In  the 
juice  of  this  plant,  after  proper  depuration  and  evaporation,  fa- 
line  cryflals  fimilar  to  tartar  are  formed.  Neuman, 

(s)  Carmine  is  a  red  pigment  prepared  by  diflblving  cochi- 
neal in  an  alkaline  lixivium,  and  precipitating  the  folution  by 
alum.  It  confifts,  therefore,  of  the  coloring  matter  of  cochineal 
adhering  to  the  earth  of  alum. 

(t)  Carnelian,  Carneolus,  or  Sardus,  is  a  femi- tranfparent 
reddilh  agate.    See  Agate. 

(u)  Case-hardening  of  iron  is  a  fuperficial  converfion  of 
that  metal  into  fteel  by  the  ordinary  method  of  converfion,  name- 
ly, by  cementation  with  vegetable  or  animal  coals.  This  opera- 
tion is  generally  praflifed  upon  fmall  pieces  of  iron  wrought  into 
tools,  and  instruments,  to  which  a  fuperficial  converfion  is  fuf- 
ficient;  and  itmay.be  performed  conveniently  by  putting  the 
pieces  of  iron  to  be  cafe-hardened,  together  with  the  cement, 
in  an  iron  box,  which  is  to  be  clolely  fhut  and  expofed  to  a  red 
heat  during  fome  hours.  By  this  cementation,  a  certain  thick- 
nefs  from  the  furface  of  the  iron  will  be  converted  into  fteel,  and 
a  proper  hardnefs  may  be  afterwards  given  by  fudden  extinction 
of  the  heated  pieces  of  converted  iron  in  a  cold  fluid.  See 
Steel. 

(x)  Cassia.  The  fruit  called  CaJJta  Fijiularis contains  a  fweet 
faline  fubltance,  foluble  in  water  or  in  fpirit  of  wine.  Neuman. 

(y)  Castor.  Two  drams  and  a  fcruple  of  extract,  may  be  ob- 
tained from  an  ounce  of  caflor  by  fpirit  of  wine,  or  by  water.  By 
diftillation  with  water,  the  peculiar  fmell  of  the  caftor  is  given  to 
the  water  :  hence  we  may  probably  infer  that  it  contains  an  eflen- 
tial  oil.  By  diftillation  with  fpirit  of  wine,  none  of  this  peculiar 
fmell  is  given  to  the  fpirit.  Neuman. 
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pieces,  while  it  is  frill  hot  and  moift,  and  is  to  be  fpecdily 
put  into  a  glaf3  bottle,  well  clofed  with  a  glafs  flopper. 

An  alkali  thus  treated  is  much  more  cauftic  than  ordinary 
fixed  alkali.  It  is  alfo  more  fufible  by  fire  ;  and  it  attracts 
the  moifture  of  the  air  much  more  readily  ;  for  which  reafon 
it  ought  to  be  cut  and  put  into  bottles,  while  it  is  yet  hot, 
otherwife  it  would  become  very  foon  moift. 

This  alkali  when  applied  to  the  fkin  during  half  or  three 
quarters  of  an  hour,  corrodes  it,  and  forms  a  painful  efchar, 
like  that  produced  by  burning.  It  is  employed  to  open 
iffues,  which  formerly  were  much  ufed,  but  were  after- 
wards almofl  abolifhed.  They  have  fince  been  brought 
again  into  frequent  ufe,  and  juftly;  for  they  are  fervice- 
able  by  evacuating  vicious  fluids  which  refill  other  remedies. 
But  at  prefent  common  cauftic  is  not  much  ufed  for  the 
opening  of  ifTues,  becaufe  it  occafion*  a  quick  and  long 
pain.  The  common  method  at  prefent  is  to  make  an  in- 
cilion  with  a  knife,  and  to  promote  the  fuppuration  by  me- 
thods well  known  in  furgery. 

•  The  caufticity  of  common  cauftic  muft  not  be  believed' 
to  proceed  from  a  perfecl:  drying  and  concentration  of  the 
alkali.  This  concentration  does  indeed  augment  its  caufti- 
city  ;  but  we  are  no  lefs  certain,  that  independantly  of 
that,  alkalis  treated  with  quick-lime  are  much  more  active 
and  cauftic,  even  v/hen  they  are  fluid,  than  any  other  al- 
kalis. This  is  evident  from  the  effects  of  the  lixivium,  or 
ley  of  foap-boilers,  which  almofl:  inftantaneoufly  corrodes 
and  deflroys  all  animal  matters.  This  caufticity  then  is 
caufed  by  fome  particular  change  produced  upon  alkalis 
fixed  or  volatile  by  quick-lime ;  which  change  probably 
confifts  in  depriving  them  of  fome  unctuous  matter,  which 
invelops  and  blunts  their  faline  principle.  See  Alkali 
(Fixed),  Alkali  (Volatile),  Ammoniac  Salt,  Spirit 
(Volatile)  of  Sal  Ammoniac,  Lixivium  of  Soap- 
boilers. 

CAUSTIC  (LUNAR).  Lunar  cauflic,  or  Lapis 
Infernalisy  is  a  cauflic  made  by  taking  from  lunar  cryftals 
all  their  water  of  cryiiallization  by  fuiion. 

To  make  the  lunar  cauflic,  cryftals  of  filver  are  to  be 
put  into  a  Heflian  crucible,  which  ought  to  b-j  large  in  pro- 
portion to  the  quantity  to  be  ufed,  becaufe  a  confiderable 
fwelling  and  frothing  happens  in  the  beginning  of  this  fufion. 
The  crucible  is  to  be  placed  in  a  furnace  which  ought 
to  draw  little  air,  and  furrounded  by  a  very  fmall  quantity 
of  lighted  coals,  becaufe  thefe  cryftals  are  yery  fufible,  and 
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too  great  heat  would  be  prejudicial  to  the  preparatioa 
of  the  lunar  Cauftic.  This  matter  is  then  to  be  very  quick- 
ly liquefied.  In  the  beginning  particularly,  the  heat  ought 
to  be  moderate,  otherwife  a  part  of  the  matter  might  flow 
over  the  crucible,  and  deflagrate  like  nitre  upon  the  coals, 
by  which  the  filver  would  be  reduced.  While  the  ebulli- 
tion gradually  diminifiies,  the  fire  is  to  be  encreafed  ;  and 
when  the  matter  is  brought  to  a  perfect  and  tranquil  fufion, 
it  is  to  be  call:  into  an  iron  mould  previoufly  heated  and 
sreafed  in  its  inner  furface.  The  lunar  cauftic  is  there  to 
Ee  left  till  it  is  fixed  and  cold,  and  then  it  is  to  be  put  into 
a  bottle  with  a  glafs  ftopper.  The  lunar  cauftic  ought  to 
be  formed  into  fmall  cylindrical  pieces,  like  pencils,  of 
about  aline  in  diameter,  and  the  furgeon  who  ufes  them  puts 
them  in  a  crayon  or  pencil  cafe,  to  prevent  his  fingers  being 
injured  by  touching  them.  The  mould  for  the  lunar  cauftic 
is  fo  made  as  to  give  them  that  form.  It  confifts  of  five 
or  fix  hollow  cylinders,  placed  vertically  and  parallel  to 
each  other,  to  which  a  gutter  is  adapted,  by  means  of  which 
the  matter  is  poured  into  them.  This  mould  is  compofed 
of  two  pieces  which  exactly  fit  each  other,  in  each  of 
which  the  fame  number  of  hollow  femi-cylinders  correfpond 
to  thofe  of  the  other.  By  this  difpofition,  when  the  lunar 
cauftic  is  caft  and  cooled,  it  is  obtained  in  entire  cylinders, 
by  feparating  the  two  pieces  of  the  mould. 

The  lunar  cauftic  muft  be  poured  as  foon  as  it  is  in  tran- 
quil fufion,  for  that  degree  of  heat  is  fuaicient  to  carry 
off  its  acid,  which  may  be  obferved  to  diftipate  in  fumes ; 
and  confequently,  if  it  was  left  in  the  fire  long  after  it  is 
thus  fufed,  it  would  lofe  fome  of  its  caufticity,  which  it 
entirely  owes  to  this  acid. 

The  operation  for  lunar  cauftic  fhews  two  remarkable 
phenomena.  The  firft  is  the  black  color  aflumed  by  the 
cryftals  of  filver  thus  fufed.  I  believe  this  color  proceeds 
from  a  part  of  the  phlogifton  of  the  nitrous  acid,  which 
attaches  itfelf  to  the  filver  fuperficially,  and  which  al- 
ways gives  a  black  color  to  this  and  other  white  metals, 
fucli  as  mercury,  lead,  and  bifmuth,  when  it  is  thus  united 
to  them. 

The  other  remarkable  phenomenon  is  a  certain  fymme- 
try  of  arrangement,  or  cryftaliization,  which  lunar  cauftic 
takes  when  it  cools  and  becomes  folid.  If  a  pencil  of 
lunar  cauftic  be  broken  into  pieces,  its  inner  fubftance  may 
be  obferved  to  be  compofed  of  needles  or  radii  pa/Ting  from 
the  circumference  to  the  center,  much  like  the  infide  of 
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the  round  ferruginous  fulphureous  pyrites.  This  phenome- 
non is  common  to  all  bodies  of  a  certain  degree  of  fimpli- 
city  of  compofition,  which  pafs  without  agitation  from  a 
liquid  to  a  folid  ftate,  and  is  a  fpecies  of  crystallization. 
Perhaps  the  fame  phenomenon  occurs  in  many  other  neutral 
falts  in  which  it  has  not  yet  been  remarked.  See  Cry- 
stallization. 

Lunar  cauftic  ought  to  be  made  with  tefced  filver.  If 
iilver  allayed  with  copper  be  ufed,  the  cryftals  of  filver 
ought  to  be  well  drain  :d  upon  brown  paper,  by  which  they 
will  be  freed  from  the  folution  of  copper,  and  will  become 
white.  This  folution  of  copper  in  nitrous  acid  when  dried 
is  alfo  cauftic,  but  lefs  fo  than  lunar  cauftic.  It  alfo  has 
the  inconvenience  of  becoming  moift  in  the  air.  See  Silver, 
Causticity,  and  Crystals  of  Silver. 

CAUSTICITY.  By  this  word  is  denoted  a  quality 
belonging  to  feveral  fubftances,  by  the  acrimony  of  which 
the  parts  of  living  animals  may  be  corroded,  and  deftroy- 
ed.  Bodies  which  have  this  quality,  when  taken  inter- 
nally are  true  poifons.  The  caufticity  of  ibme  of  thefe, 
as  of  arfenic,  is  fo  deadly,  that  even  their  external  ufe  is 
profcrijbed  by  prudent  phyficians. 

Several  others,  as  nitrous  acid,  lapis  infernalis,  or  lunar 
iauflic,  common  caujlic,  butter  of  antimony,  are  daily  and  fuc-, 
cefsfully  ufed  to  confume  excrefcences,  to  deftroy  fungous 
flelh,  to  open  iffues,  &c.    They  fucceed  very  well  when 
properly  employed,  and  fkilfully  managed. 

The  caufticity  of  bodies  depends  entirely  on  the  ftate  of 
the  faline,  and  chiefly  of  the  acid  matters  which  they  con- 
tain. When  thefe  acids  happen  to  be  at  the  fame  time 
much  concentrated,  and  (lightly  attached  to  the  matters 
with  which  they  are  combined,  they  are  then  capable  of 
acting,  and  are  corrofive  and  cauftic.  Thus  fixed  and  vo- 
latile alkalis,  although  they  are  themfelves  cauftic,  become 
much  more  fo  by  being  treated  with  quick-lime,  becaufe. 
this  fubftance  deprives  them  of  much  fat  or  inflammable 
matter,  which  binds  and  reftrains  the  action  of  their  faline 
.principle,  (z)  By  this  treatment  then,  the  faline  prin- 
ciple is  more  difengaged,  and  rendered  more  capable  of 
action.  Alfo,  all  combinations  of  metallic  matters  with 
acids,  form  falts  more  or  lefs  corrofive,  becaufe  thefe  acids 

(k)  The  fubftance  which  quick-lime  takes  from  alkaline  falts* 
by  which  the  diilblving  power  of  thefe  falts  is  encreafed,  is  fixabie 
,  air    See  Gas, 
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are  deprived  of  all  their  fuperabundant  water,  and  are  be- 
iides  but  imperfectly  faturated  by  the  metallic  matters. 

Neverthelefs,  fome  other  circumftance  is  neceffary  to 
conftitute  the  caufticity  of  thefe  faline  metallic  matters. 
For  the  fame  quantity  of  marine  acid,  which  when  pure 
ana  diluted  with  a  certain  quantity  of  water  mould  be  in- 
capable of  producing  any  harm,  mall  however  produce  all 
the  effects  of  a  corrofive  poifon  when  it  is  united  with 
mercury  in  corrofive  fiublimate^  although  this  fublimate  mail 
be  difTolved  in  fo  much  water,  that  its  caufticity  cannot  be 
attributed  to  the  concentration  of  its  acid. 

This  effect  is  attributed  by  fome  chemifts  to  the  great 
weight  of  the  metallic  parts  with  which  the  acid  is  united. 
This  opinion  is  very  probable,  fince  the  caufticity  is  no- 
thing but  its  dilTolving  power,  or  its  difpofition  to  combine 
with  other  bodies  ;  and  this  difpofition  is  nothing  elfe  than 
attraction,  which  is  one  and  the  Tame  thing  as  weight  or 
gravitation. 

CAWK.  (a) 

CEMENT.  All  thofe  powders  and  paftes  are  called 
cements )  with  which  any  body  is  furrcunded  in  pots  or  cru- 
cibles, and  which  are  capable,  by  help  of  fire*  of  produc- 
ing changes  upon  that  body.  Hence  the  expreffions  to  cement^ 
and  cementation. 

The  principal  cements  are  the  royal  cement ,  which  is  ufed 
to  feparate  filver  from  gpld  in  the  operation  called  Concentrat- 
ed Parting (fie  Parting  (Concentrated)  the  cement 
for  converting  iron  into  fteel  (fiee  Steel)  ;  the  cement  for 
converting  certain  glafs  into  porcelain  (fiee  Glass  and  Por- 
celain) ;  the  cement  for  converting  copper  into  brafs. 
See  Brass. 

Cements  may  be  made  of  many  various  kinds,  and  for 
various  purpofes,  by  varying  the  materials  of  the  compo- 
fitions.  Cementation  is  generally  a  very  powerful  method 
of  producing  changes  upon  bodies,  or  of  forming  combina- 
tions which  could  not  otherwife  be  eafily  effected ;  becaufe 
in  this  operation  the  active  matters  of  the  cement  are  in  a 

fa)  Cawk  is  a  white,  very  denfe,  fparry  fubltance,  foluble  in 
acidc,  and  fufible  by  fire.  It  is  generally  found  in  or  near  lead  mines. 
If  an  cunce  or  two  ounces  of  cawk  be  thrown  red-hot  upon  fixteen 
ounces  of  m sited  antimony,  and  the  fufion  continued  about  two 
minora  ;  a  regulus  weighing  fifteen  ounces  will  be  obtained  hard 
and 'white.  See  Phil.  <Iranf»  Num.  no.  This  experiment  Dr. 
Lewi*  has  frequently  repeated  with  fuccefs. 
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ftate  of  drynefs,  are  reduced  into  vapors,  and  afliftcd  by  con- 
siderable heat. 

CEMENT-COPPER,  (b) 

CENTAURY,  (c) 

CERUSS,  or  WHITE  LEAD.  Cerufs  is  a  kind 
of  ruft  of  lead  which  has  been  corroded  and  half-dif- 
folved  by  vapors  of  vinegar.  To  make  cerufs,  leaden 
plates  rolled  fpirally,  fo  that  the  fpace  of  an  inch  mall  be 
left  betwixt  each  circumvolution,  mult  be  placed  vertically 
in  earthen  pots  of  a  proper  fize,  containing  fome  good  vine- 
gar. Thefe  leaden  rolls  ought  to  be  fo  lupporred  in  the 
pots,  that  they  do  not  touch  the  vinegar,  but  that  the 
vapor  of  this  acid  may  circulate  freely  betwixt  the  circum- 
volutions :  thefe  pots  are  to  be  covered,  and  placed  in  a  bed 
of  dung,  or  in  a  fand-bath,  by  which  a  gentie  heat  may.  be 
applied.  The  acid  of  vinegar,  which  very  well  difiblves 
lead,  being  thus  reduced  into  vapors,  eafily  attaches  itfelf 
to  the  furface  of  thefe  plates,  penetrates  them,  and  is  im- 
pregnated with  this  metal,  which  it  reduces  to  a  beautiful 
white  powder  called  Cerufs:  when  a  fumcieiu  quantity  of 
it  is  collected  on  the  furface  of  the  plates,  the  rolls  are 
taken  out  of  the  pots,  and  unfolded ;  the  cerufs  is  then 
taken  off,  and  they  are  again  rolled  up,  that  the  operation 
may  be  repeated. 

This  management  is  very  ingenious  j  becaufe  the  plates 
of  lead  thus  difpofed  prefent  the  greateft  furface  to  the 
vapors  of  vinegar,  while  they  occupy  the  leaft  poSble 
fpace. 

As  in  this  operation  the  acid  of  vinegar  is  overcharged 
with  lead,  this  metal  thus  changed  into  cerufs,  is  not  pro- 
perly in  a  faline  ftate ;  hence  cerufs  is  not  in  cryftals,  nor 
is  foluble  in  water :  but  a  faline  quality  would  render  it 
unfit  for  painting,  for  which  it  is  chiefly  employed. 

Cerufs  ground  and  prepared  for  painting  is  called  white 
lead.  It  is  the  only  white  hitherto  found  fit  for  painting  in 
oil.  The  difcovery  of  another  white  for  this  purpofe  is 
delirable,  not  only  from  its  faults  as  a  paint,  but  alfo  from 

(I)  Cement,  or  Ziment  Copper,  is  copper  precipitated 
from  vitriolic  waters  by  iron.  The  name  is  derived,  as  is  faid, 
from  a  vitriolic  water  in  Hungary  called  ziment. 

( c)  Centaury.  The  leaves  of  the  leffer  centaury  contnin  a 
bitter  fubftance  foluble  by  water,  or  by  fpirit  of  wine.  The  green 
color  of  the  plant  reiides  in  the  reUnous  part,  being  extracted  by 
fpirit  of  wine,  but  not  by  water. 

P  3  its 


CHARACTERS 

its  injuring  the  health  of  perfons  employed  in  its  manufac- 
ture, by  affecting  them  with  a  fevere  difeafe,  which  lead 
and  all  its  preparations  frequently  occafion,  called  the  colic  of 
minerals  >  or  the  colic  of  painters, 

Cerufs,  like  the  other  preparations  of  lead,  is  drying, 
fedative,  and  lenient ;  as  fuch  it  is  employed,  but  only 
externally.  It  is  an  ingredient  in  manv  ointments,  plaifters, 
and  other  pharmaceutical  preparations  defigned  for  external 
maladies. 

As  lead  is  much  divided  in  cerufs,  and  is  already  pene- 
trated with  a  certain  quantity  of  acid  of  vinegar,  its  figura- 
tion with  this  acid  may  be  eafily  compleated,  by  diffolv- 
in  gcerufs  in  diftilled  vinegar.  Thus  the  lead  is  entirely  re- 
duced to  a  faline  fiate.  From  this  faturation  a  cryftallizable 
neutral  fait  with  metallic  bafis  refults,  called  fugar  or  fait 
of  lead.    See  Sugar  of  Lead. 

CERUFS  of  ANTIMONY.  This  name  is  given 
by  fome  chemifrs  to  a  pearl-colored  matter,  or  white  earth, 
which  feparates  from  the  water  with  which ,  diaphoretic 
antimony  has  been  warned.  It  is  the  fi  neft  part  of  the  white 
calx  of  antimony,  which  has  been  difloived  by  the  alkali 
of  nitre  formed  in  this  operation.  The  peculiar  earth  of  the 
alkali,  fome  of  which  always  feparates  after  every  calci- 
nation and  folution,  probably  makes  a  part  alfo  of  the 
cerufs  of  antimony.    See  Diaphoretic  Mineral. 

CHALK.  Chalk  is  a  calcareous  earth,  found  in  form 
of  friable  Hones,  and  therefore  cannot  be  polifhed  as  marble 
and  other  hard  calcareous  Hones  may.  Chalk  is  alfo  found 
in  powder.  This  fubftance  has  all  the  -  properties  which 
characterize  calcareous  earths.  See  Earths  (Calcare- 
ous). 

CHALK  (BLACK),  (d) 

CHARACTERS.  Chemical  chara&ers  are  figns  in- 
vented to  reprefent  the  principal  fubftances  and  operations  in 
a  concife  manner.  Thefe  figns  ought  to  be  underftood,  be^ 
caufe  they  arc  u fed  by  many  authors,  aijd  in  tables  of  affini- 
ties.   See  the  annexed  Table  of  Chemical  Characters. 


fit)  Chalk  (Black);  humus  nigra  pittoria  ;  atr amentum 
fcijple.  This  is  a  light,  earthy,  flafcey  ftibftance  ufed  for  draw- 
ing black  lines  on  paper,  and  for  mixing  with  ci!  or  water  for  the 
life  of  painters.  It  is  calcinahle  by  fire  to  a  reddifh  white  earth. 
It  is  unfoluble  by  acids,  and  feerns  to  be  a  bituminous  fhte. 
Wallerius  fays,  that  In  Sweden,  near  Huneberg,  a  black  earth  is 
fohnd  as  diffusible  in  water  as  Indian  ink. 

CHEESE, 
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CHEESE.  Cheefe  is  the*  mucilaginous  or  gelatinous 
part  of  milk.  As  the  milk  of  all  animals  is  a  true  emul- 
sion, the  cheefe  or  cafeous  part  of  milk  is  an  intermediate 
fubftance  by  which  the  oily  or  butyraccous  part  of  this 
liquor  is  divided,  and  fufpended  in  the  ferous  part.  Thus 
cheefe  is  in  milk  what  mucilage  is  in  emulfions  or  milky 
juices  of  vegetables;  but  although  it  has  fome  properties 
common  with  mucilages",  it  differs  in  other  refpects,  parti- 
cularly in  its  want  of  ductility,  or  its  vifcidity,  and  in  its 
property  of  coagulating  by  heat  and  by  acid?. 

Milk  is  compofed  of  three  very  different  fubftanccs,  butter, 
cheefe,  and  whey.  Thefe  fubftances  are  only  well  mixed 
together,  but  not  combined,  fince  they  are  capable  of  a 
fpontaneous  feparation  or  analyfis  :  but  this  feparation  is 
not  entire  and  exact,  except  it  be  procured  by  methods 
peculiar  to  each  of  thefe  fubibnees.  See  Butter,  Milk, 
and  Whey. 

To  have  cheefe  as  pure  as  is  poflible,  frefh  milk,  after 
the  cream  is  well  taken  off,  muff  be  curdled  by  runner, 
or  by  cream  cf  tartar ;  the  whey  then  mud  be  well  drained 
from  it,  and  it  muft  be  frequently  wafhed  with  much  pure 
v/ater. 

If  it  be  then  expofed  to  diftillation  with  a  graduated  heat, 
at  firfta  phlegm  arifes  which  has  a  flight  fmell  of  milk  or  of 
cheefe,  without  any  marks  of  an  acid  or  of  an  alkaline 
quality.  This  phlegm  arifes  with  the  heat  of  boiling 
water;  and  when  the  heat  is  encreafed  an  oily  and  faline 
fpirit  arifes.  The  faline  part  of  this  fpirit  is  generally  a 
volatile  alkali.  Afterwards  a  fmall  quantity  of  empyreu- 
matic  oil  arifes,  which  is  at  firft  fluid,  and  becomes  more 
and  more  thick  and  fetid.  Concrete  volatile  alkali  alio 
arifes  in  this  diftillation ;  and  at  length  when  the  retort  is 
very  red-hot,  and  nothing  more  rifes,  a  confiderable  quan^- 
tity  of  coal  remains.  This  coal  is  of  that  kind  which 
cannot  be  burnt  without  very  great  difficulty. 

From  this  analyfis  of  cheefe,  which  refembles  the  analyfis 
of  all  animal  matters,  this  fubftaftce  appears  to  be  the  mofc 
animalifed  part  of  the  milk ;  for  butter  and  whey  f urn ITh 
other  principles,  and  particularly  much  acid.  We  muft, 
however,  obferve,  that  cheefe  made  of  the  milk  of  frugivo- 
rous  animals  may  furnifli  acid,  inftead  of  volatile  alkali. 
This  difference  depends  perhaps  on  the  nature  of  the  aliments 
u fed  by  the  animals  from  which  the  milk  is  taken,  and  alfo 
of  their  temperaments,  difpofitions,  and  nature  of  their 
digeftions;  for3  in  general,  the  ftate  of  the  acid,  and  its 
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greater  or  lefs  difpofition  to  be  transformed  into  volatile 
alkali,  are  very  variable  in  the  animal  kingdom,  particu- 
larly in  thofe  animals  which  live  only  on  vegetables,  and  in 
their  milk,  which  itiil  more  approaches  to  a  vegetable  na- 
ture. •  ' 

This  matter,  although  very  interefting,  has  been  much 
neglected  by  chemifts.  We  find,  in  the  Elements  of  Prac- 
tical Chemiftry,  an  analyfis  of  cheefe  produced  from  cows 
milk,  and  in  that  analyfis  no  mention  is  made  but  of  an 
acid,  which  mews  the  variations  that  may  happen  in  this 
matter.  We  wim  it  were  examined  as  accurately  as  it 
deferves ;  but  for  this  purpofe  many  experiments  which 
require  much  time  and  favourable  circumftances  ought  to  be 
made ;  which  could  not  be  done  without  having  feveral 
cows  of  difFerent  ages,  fed  with  different  herbs  and  grains, 
at  difFerent  periods  from  their  having  calved,  and  at  difFe- 
rent feafons  of  the  year.    See  Milk. 

CHEMISTRY.  Chemiftry  is  a  fcience,  the  object, 
of  which  is  to  difcover  the  properties  of  bodies  by  analyfis 
and  by  combination. 

The  advantages  refulting  from  this  fcience  are  too  mani- 
feft  and  too  numerous  to  require  an  enumeration  in  fuch  a 
work  as  this. 

CHERT,  (e) 

CHRYSOLITE,  (f) 

CINNABAR.  Cinnabar  is  of  two  kinds;  one  is 
native,  the  other  is  artificial. 

(e')  Chert,  or  Chertz  ;  petrojtkx  fcmipellucidus,  lapis  ccr- 
neus,  hornjiein  of  the  Gcnnam.  Chert  is  a  femi-tranfparent  ftone 
of  the  filiceous  kind.  See  its  chemical  properties  under  the  ar- 
ticle Earth  (Vitrifi able).  It  is  generally  lefs  hard  and  of 
a  ccarfer  texture,  than  common  flints.  Large  quantities  of  chert 
Lre  found  in  beds  of  lime-llone,  as  flints  are  found  in  the  beds  of 
chalk,  with  this  difference,  that  flints  conutt  of  loofe  nodules, 
and  chert  often  forms  large  mafus  of  the  rock.  They  are  ufed  as 
grinding  ftones  for  grinding  calcined  flints,  and  other  hard  fub- 
fiances,  but  have  too  fmooth  and  clofe  a  texture  for  the  grinding  of' 
corn. 

(f)  Chrysolite  is  a  pellucid,  yellowifh  green  ftone  or  gem, 
the  fixth  in  hardnefs  from  diamonds,  yet  fufceptible  of  imprelTion 
from  a  file.  By  fire  it  iuffers  no  other  change  than  lofs  of  color. 
It  is  probably  a  fpecies  or  variety  of  topaz.  Its  chemical  proper- 
ties fee  under  the  article  Earth  (Vitrifiable).  This  gem 
may  be  imitated  by  adding  twenty  grains  of  crocus  martis  to  two 
ounces  of  cryftal-gla fs,  and  fix  ounces  of  minium. 

Native 
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Native  cinnabar  is  a  heavy  and  brittle  mineral,  of  a  very 
deep  red  color  when  it  is  in  a  lump,  and  confifts  of  mining, 
needle-like,  parallel  ftrise. 

This  mineral  is  compofed  of  mercury  and  fulphur,  as' 
will  be  proved  when  we  lhall  relate  its  analyfis.  It  is,  pro- 
perly, fpeaking,  mercury  mineral i fed  by  fulphur^  or  a  true 
ore  of  mercury. 

Cinnabar  cannot  be  attacked  in  the  humid  way  by  any 
chemical  agent.  It  is  volatile ;  fo  that,  when  expofed  to 
lire  in  clofe  veffels,  it  is  entirely  fublimed,  without  iuffcring 
any  decompofition.  The  fublimation  may  ps  repeated  any 
number  of  times  without  any  change  upon  the  fubftance. 

If  cinnabar  be  expofed  to  the  action  of  fire,  with  accefs 
of  air,  it  is  decompofed  by  the  burning  of  its  fulphur,  and 
then  the  mercury  difengages  itfelf  in  vapors ;  but  as  thefe 
vapors  are  not  eaiily  to  be  collected,  and  as  many  of  them 
would  be  loft  by  this  method  of  decompofition  with  accefs 
of  air,  another  method  is  employed  of  decompoiing  cinnabar 
in  clofe  vefiels,  by  means  of  fome  fubftance  to  which  ful- 
phur has  a  greater  affinity  than  to  mercury.  Many  fub- 
itances  are  known  to  be  poflefled  of  the  quality  required  for 
this  purpofc. 

Fixed  alkalis,  quicklime,  calcareous  earths,  iron,  copper, 
tin,  lead,  filver,  bifmuth,  and  regulus  of  antimony,  have 
a  greater  affinity  than  mercury  has  to  fulphur,  and  confe- 
quently  are  capable  of  decompofing  cinnabar.  Of  thefe 
fubftances  iron  is  found  to  be  the  moft  convenient,  and  is 
therefore  moft  ufed  for  the  decompofition  of  fmall  quantities 
of  cinnabar.  When  this  decompofition  is  to  be  made, 
equal  parts  of  filings  of  iron  and  cinnabar  are  to  be  well 
mixed  together,  and  put  into  a  retcrt,  which  is  to  be 
expofed  in  a  furnace  to  a  naked  fire,  or  in  a  fand-bath  fo 
difpofed  that  a  fufficiently  ftrong  heat  may  be  applied  ;  a 
receiver  containing  water  is  to  be  adapted  to  the  retort, 
and  the  diftillation  to  be  promoted.  The  mercury  difen- 
gaged  from  the  fulphur  by  means  of  iron  is.  raifed  into 
yapors,  moft  of  which  are  condenfed  in  the  receiver,  at  the, 
bottom  of  which,  under  the  water,  they  appear  changed 
into  fluid  mercury ;  a  fmall  part  of  the  mercury  remains 
much  divided,  and  floats  on  the  furface  of  the  water  in  form 
of  a  black  powder,  which  muft  be  carefully  collected,  and 
mixed  with  the  mafs  of  fluid  mercury,  with  which  it  eafily 
incorporates  ;  this  mercury,  which  is  then  to  be  ftrained 
through  ciofely  woven  linen,  is  very  pure.  It  is  called 
mercury  revivified  from  cinnabar  3  and  this  reduclicn  is  called 
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revivification  of  mercury  from  cinnabar.  In  the  retort  is  found 
a  mais  compofed  of  the  iron  employed,  and  of  the  fulphur 
of  the  cinnabar  ;  or  if,  in  Head  of  iron,  fome  other  fubftance 
was  employed,  it  would  be  found  after  the  operation  united 
with  the  fulphur.  Thus  if  an  alkali  or  calcareous  earth  has 
been  employed,  an  earthy  or  alkaline  liver  of  fulphur  will 
be  found.    See  Sulphur. 

By  weighing  the  cinnabar  employed  in  this  procefs,  and 
the  mercury  obtained  by  it,  this  mercury  is  found  to  be 
feven-eighths  of  the  whole  cinnabar.  Thus  in  cinnabar 
feven  parts  of  mercury  are  united  with  one  part  of  fulphur. 

From  a  knowledge  of  the  conftituent  parts  of  cinnabar 
we  may  learn  a  method  of  compofmg  an  artificial  cinnabar 
entirely  fimilar  to  the  natural.  For  this  purpofe,  mercury 
and  fulphur  muit  be  fufed  and  triturated  together  till  they 
unite  well,  and  form  a  black  body  called  Ethiops  mineral. 
See  Ethiops  Mineral.  This  Ethiops  mineral  is  then  to 
be  fublimed;  but  we  muft  obferve,  that  the  operation  is 
attended  with  fome  difficulties  fb  that  a  beautiful  and 
perfect  cinnabar,  in  which  the  mercury  and  fulphur  are 
exactly  proportioned,  cannot  be  obtained  by  the  firft  fubli- 
mation. The  firfl  fublimate  is  always  overcharged  with 
fulphur,  which  gives  it  a  black  color.  The  reafon  of  this 
is,  that  more  fulphur  is  neceffarily  employed  to  make  the 
ethiops  mineral  than  is  fufficient  to  form  cinnabar:  but  by 
each  fubfequerat  fublimation  fome  of  that  fuperfluous  ful- 
phur is  feparated,  till  at  length,  by  five  or  fix  fublimations, 
it  becomes  entirely  fimilar  to  native  cinnabar,  (g) 

CINNABAR  of  ANTIMONY.  An  artificial 
cinnabar  may  aifo  be  obtained  from  the  decompofition  of 
corrofive  fublimate  by  antimony.  This  operation  is  per- 
formed by  mixing  together  and  diiHlling  thefe  two  com- 
pound fubftances.  The  marine  acid  of  corrofive  fublimate, 
which  has  a  ftronger  affinity  to  regulus  of  antimony  than 
to  mercury,  quits  this  latter  fubftance  to  combine  with  the 
former,  with  which  it  forms  a  new  compound  called  butter 
cf  antimony,  that  palTes  by  diftillation  into  the  receiver. 
See  Butter  of  Antimony. 

(g)  Hoffman  fays,  that  cinnabar  may  be  produced. without 
fublimation,  by  (linking  or  digefting  a  little  mercury  with  volatile 
tincture  of  fulphur,  by  which  means  the  mercury  imbibes  the  ful- 
phur from  i ho  volatile  fpirit,  and  forms  with  it  a  deep  red  powder, 
the  color  of  which  is  not  inferior  to  that  of  ordinary  cinnabar. 
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Alfo  the  mercury  of  the  corrofive  fublimate,  being  dif- 
engaged from  its  marine  acid,  unites  with  the  fulphur  of 
the  antimony  likewife  difengaged  from  its  regulus ;  and 
thefe  two  fubftances,  thus  united,  are  fublimed  in  form  of 
cinnabar  after  the  butter  of  antimony  has  been  diftilled  : 
but  although  in  this  procefs  the  mercury  is  not  previoufly 
united  with  ihe  fulphur  into  an  ethiops,  the  fame  fuper- 
fluity  of  fulphur  is  perceived  in  the  cinnabar  produced  by 
this  as  by  the  former  operation ;  becaufe  the  quantity  of 
antimony  necefTarily  employed  for  the  compleat  dccompo- 
iition  of  corofive  fublimate,  contains  more  than  the  requifitc 
quantity  of  fulphur  for  the  formation  of  perfect:  cinnabar 
wilh  the  quantity  of  mercury  contained  in  the  corrofive 
fublimate.  This  inconvenience  is  to  be  remedied  by  the 
method  directed  in  the  former  procefs  ;  that  is,  by  repeating 
the  fublimatioh  till  the  cinnabar  becomes  perfect,  and 
entirely  Umilar  to  the  native.  Jt  is  called  cinnabar  of  anti- 
mony, becaufe  its  fulphur  has  been  .furnifhccl  by  antimony. 

The  chief  ufe  of  cinnabar  is  for  painting.  Although 
this  body  be  compofed  of  fulphur,  the  color  of  which  is  a 
light  citron,  and  of  mercury  which  is  white  as  filver,  it  is 
nevertheless  of  an  exceeding  flrong  red  color.  Lumps  of 
it  are  of  a  deep  brown  red,  without  brilliancy.  But  when 
the  too  great  intenfity  of  its  color  is  diminifhed  by  bruifing 
it  and  dividing  it  into  fmall  parts,  (which  is  a  method  gene- 
rally ufed  to  leiTen  the  intenfity  of  all  colors)  the  red  of 
the  cinnabar  becomes  more  and  more  exalted,  flame-colored* 
and  exceedingly  vivid  and  brilliant.  In  this  ftate  cinnabar 
is  called  vermilion. 

Cinnabar  is  often  employed  as  an  internal  medicine. 
Hoffman  greatly  recommends  it  as  a  fedative  and  antifpaf- 
modic  j  and  Stahl  makes  it  an  ingredient  in  his  temperant 
pozvekr.  Other  very  intelligent  phyiicians,  and  particularly 
Mr.  Cartheufer,  deny  that  cinnabar  taken  internally  has 
any  medicinal  quality.  Their  opinion  is  grounded  on  the 
unfolubility  of  cinnabar  by  any  menftruum.  This  queftion 
concering  the  utility  of  cinnabar  taken  internally  cannot  be 
decided  without  new  refearches  and  experiments.  But  cin- 
nabar is  certainly  ufed  fuccefsfully  to  procure  a  mercurial 
fumigation,  when  that  method  of  cure  is  proper  in  venereal 
diftafes.  For  this  purpofe  cinnabar  is  burnt  in  an  open  fire 
on  red-hot  coals,  by  which  the  mercury  is  difengaged,  and 
forms  vapors,  which  being  applied  to  the  body  of  the 
difeafed  perfon,  penetrate  through  the  pores  of  the  fkin, 
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and  produce  effects  fimilar  to  thofe  of  mercury  adminiftered 

by  friction. 

When  fumigations  of  cinnabar  are  applied,  the  patient 
ought  not  to  be  expofed  to  breathe  the  vapors  of  the  mercury 
and  of  the  burning  fulphur,  which  might  injure  him.  See 
Mercury  and  Sulphur,  (b) 

CINNAMON,    (i)  . 

CIVET,  (k) 

CLAY,  or  ARGILLACEOUS  EARTH,  is  a 
particular  kind  of  ftrong  earth,  confiderable  banks  of  which 
are  found  almoft  every  where,  at  greater  or  lefs  depths. 
The  general  properties  and  characieriftics  of  pure  clay 
are : 

1.  This  earth  makes  no  fenfible  effervefcence  with  acids, 
although  it  be  capable  of  folution  by  acids,  as  we  mall 
fee. 

2.  Clay  being  moiftened  with  water,  imbibes  fome  of 
that  liquid,  fwells,  and  mixes  with  it. 

3.  When  it  is  mixed  with  no  more  than  the  necelTary 
quantity  of  water  to  reduce  it  to  a  moderately  foft  pafte,  it 
Is  fo  ductile  as  to  be  capable  of  being  worked  upon  a  potter's 
wheel,  and  of  being  formed  in  moulds.  By  thefe  means 
veiTels  may  be  made  of  it  which  keep  their  form. 

4.  Clay  is  denfe,  compact,  and  clofe.  When  its  furface 
is  rubbed  with  a  polifhed  body,  it  alfo  becomes  polifhed. 

5.  If  it  be  expofed  when  moift  to  a  gentle  heat,  it  gra- 
dually dries  and  contracts  ;  that  is,  its  dimenfions  become 
lefs  ;  hence  it  is  very  apt  to  crack.  (I)  It  retains  moifture 
pretty  ftrongly,  and  difficultly  allows  the  lafl  portions  of  it 
to  efcape. 

(h)  Some  native  cinnabars?  according  to  Bruckman,  (Epijlol, 
Itiner.)  are  fo  hard,  that  they  are  polifhed,  turned  in  a  lathe4 
and  wrought  like  marble. 

(i)  Cinnamon.  From  16  oz.  of  the  bell  cinnamon  fcarcely 
more  than  two  fcruples  and  a  half  of  elTential  oil  can  be  obtained. 
This  oil  may  be  raifed  by  diflillation  with  water,  but  fcarcely 
with  fpirit  of  wine.  The  whole  tafte  and  flavor  of  cinnamon  may 
be  extracted  by  digeflion  with  fpirit  of  wine.  Neuman. 

(k)  Civet  is  an  odoriferous  unctuous  animal  juice,  foluble  in 
oils,  but  not  in  fpirit  of  wine,  nor  in  water,  even  by  means  of 
fugar.  Neuman. 

(I)  Dr.  Lewis  found  from  experiments,  that  pure  clay  foften- 
ed  with  water  to  a  due  confidence  to  be  worked  upon  a  potter's 
wheel,  contracted  by  drying  T^th  part  of  every  dimenfion. 

6.  If 
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6.  If  clay  be  heated  much,  and  quickly,  before  it  be  per- 
fectly dried,  it  burfts  with  loud  noife  from  the  effort  made 
by  the  water  rarefied  and  changed  into  vapor,  to  efcape 
from  the  parts  of  this  tenacious  earth  which  invelop  it. 
Thus  this  burfting  and  cracking  do  not  happen,  if  the  clay 
expofed  to  heat  contain  water  enough  to  render  it  foft ;  be- 
caufe  then  the  water  finding  much  lefs  refinance  from  the 
clay,  only  fcparates  the  argillaceous  parts  from  each  other, 
and  efcapes  with  conliderable  intumefcence. 

7.  If  pure  clay,  previoufly  well  dried,  be  expofed  to  a  very 
violent  fire,  fuch  for  example,  as  the  fire  of  a  glafs-houfe, 
it  does  not  melt,  and  refifts  much  more  than  fand  does  the 
action  of  fluxes  and  vitrifying  matters.  By  fire  its  parts 
are  only  very  ftrongly  agglutinated ;  and  the  mafs  of  clay 
thus  calcined  is  called  baked  clay.  During  this  baking  it 
contracts  in  every  dimenfion,  and  becomes  as  hard  as  flint, 
fo  that  it  is  capable  of  ftriking  fire  with  fteel. 

8.  When  clay  has  been  thus  baked  by  fire,  it  becomes 
no  longer  penetrable  by  water.  If  it  be  ground  and  levi- 
gated, it  mixes  with  water  as  very  fine  fand  does  ;  that  is, 
it  does  not  form,  as  the  crude  clay  does,  a  tenacious,  duc- 
tile parte,  fit  to  be  turned  on  a  potter's  wheel. 

9.  Clay  is  entirely  foluble  in  acids,  and  particularly  in 
the  vitriolic,  with  which  acid  it  forms  a  vitriolic  fait  with 
an  earthy  bafis,  which  is  true  alum.    See  Alum. 

10.  Laftly,  clay,  which,  when  unmixed,  perfectly  refifts 
the  moft  violent  fire  without  mewing  any  tendency  to 
fufion,  being  mixed  with  equal  parts  cf  any  calcareous  or 
gypfeous  earth,  and  with  two  parts  and  a  half,  or  three 
parts  of  any  fand  or  verifiable  ftone,  now  becomes  fufible, 
and  difpofes  the  other  twcr  earths  to  fufion. 

All  the  properties  which  we  have  enumerated  are  effential 
to  argillaceous  earth,  when  perfectly  pure  ;  that  is,  when 
free  from  any  mixture  of  heterogeneous  matter.  Clay  fo 
perfectly  pure  has  never  yet  been  found  in  the  earth. 

Mr.  Macquer,  in  his  Memoir  upon  clays  given  to  the 
Academy  in  the  year  1762,  from  which  Memoir  the  greater!: 
part  of  the  prefent  article  is  taken,  obferves,  that  clay 
being  an  earth  mifcible  with  water,  is  liable  to  mixture 
with  many  other  matters,  and  that  from  this  caufe  we  never 
find  pure  clay,  which  ought  eminently  and  exclufively  to 
pofTefs  the  argillaceous  properties,  and  which  ought  to  be 
always  the  fame,  without  any  peculiar  differences;  and 
laftly,  that  the  only  certain  method  of  procuring  this  earth 
is  to  extract  it  from  native  clays,  or  from  other  bodies 
1  which 
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which  contain  it,  by  means  of  vitriolic  acid,  with  which  it 
forms  alum  ;  and  then  to  decompofe  this  alum  by  phlogifton 
or  alkalis,  which  dlfengage  the  vitriolic  acid  j  therefore, 
properly  fpeaking,  earth  of  alum  well  prepared  can  be 
confidered  as  the  only  pure  clay.  Further,  this  earth  has  fo 
ftrong  affinity  with  phlogifton,  that  we  cannot  expect,  to 
obtain  it  perfectly  free  from  this  principle.  The  general 
properties  of  clay,  defcribed  above,  are  therefore  folely  ap- 
plicable to  this  kind  of  earth.    See  the  word  Alum. 

Native  clays  pcfTefs  more  or  lefs  of  thefe  properties  in 
proportion  as  they  are  lefs  or  more  altered  by  mixture  of 
heterogeneous  matters. 

As  clays  are  very  ufeful  in  chemiftry,  in  arts,  and  in 
many  purpofes  of  ordinary  life,  we  mail  mention  fome 
important  parts  of  knowledge  concerning  them ;  as,  the 
methods  of  difcovering  their  purity,  the  places  where  they 
may  be  found,  and  the  means  of  purifying  them. 

The  purity  of  clays  is  known  by  the  general  properties 
above  related.  The  more  any  native  clay  pofTefTes  of  thefc 
properties,  the  purer  it  is. 

The  fubftances  which  hurt  the  purity  of  native  clays  are 
fand,  phlogifton,  bituminous  matters,  vitriolic  acid,  me- 
tallic earths,  pyritous  matters,  calcareous  earths,  and 
mica. 

Inflammable  matters  alter  the  color  of  clay,  which  when 
pure  ought  to  be  white.  Its  color  is  affected  alfo  by  colored 
metallic  earths,  particularly  by  thofe  of  copper  and  iron, 
and  by  all  pyritous  matters. 

Clay,  which  is  colored  only  by  an  inflammable  matter 
which  is  not  metallic,  lofes  its  color  by  fire  with  accefs  of 
air,  and  becomes  white.  Of  this  kind  are  moft  grey  and 
brown  clays,  of  an  uniform  color,  and  not  veined. 

Clays  colored  by  pyritous  matters,  or  by  earths  of  iron 
©r  copper,  are  not  rendered  white  by  fire,  till  they  are 
perfectly  deprived  of  thefe  metallic  earths.  A  certain  quan- 
tity of  thefe  heterogeneous  fubftances  in  clay  render  it 
fufible.  Such  clays  are  known  by  their  colors,  which  are 
yellow,  red,  green,  or  veined,  and  marbled  with  feveral  of 
thefe  colors.  They  are  the  mofl  unfit  of  all  clays  for  the 
making  of  utenfils  intended  to  fuftain  intenie  heat,  fuch  as 
chemical  veftels,  and  the  bricks,  crucibles,  or  pois  ufed  in 
gfafs-houfes. 

We  may  obferve,  that  even  the  purer!  native  clays  are 
never  entirely  free  from  a  mixture  of  fome  parts  of  metallic, 
particularly  ferruginous  earth.     Mr.  Macquer,  who  has 
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examined  above  eight  hundred  clays,  fays,  in  the  above 
quoted  Memoir,  that  in  all  that  number  he  did  not  find 
one,  even  amongft  the  whiteft,  that  was  entirely  pure  and 
free  from  metallic  matter :  but  when  a  very  fmall  quantity 
only  of  ferruginous  earth  is  in  clays ;  when  it  is  not  uni- 
formly mixed  with  them  through  all  their  mafs,  which  is 
known  by  a  beautiful  and  pure  white  color,  but  is  difperfed 
in  fmall  yellow  fpots,  as  it  frequently  is ;  then  fuch  clays 
ought  to  be  considered  as  being  of  a  very  good  quality. 
The  only  practical  method  of  feparating  thefe  ferruginous 
parts,  is  to  break  the  clay  into  fmall  lumps,  and  to  cut 
out  the  yellow  fpots.  This  ought  to  be  done  before  the 
clay  is  mixed  with  water  ;  becaufe,  by  wafhing,  the  ferrugi- 
nous parts  are  not  feparable,  but  are  more  intimately  mixed 
with  the  purer  part  of  the  clay. 

Pyritous  matters,  mica,  and  coarfe  fand  mixed  with  clays 
render  them  brittle,  and  diminifii  their  ductility.  Clays 
are  eafily  cleanfed  from  the  greater!:  part  of  thefe  heteroge- 
neous fubilances  by  warning ;  that  is,  by  mixing  the  clay 
well  with  much  pure  water,  which  is  left  to  reft  till  only 
the  fined  and  lighter!  parts  of  the  clay  remain  fufpended 
in  the  water,  the  groffer  parts  having  fubiided  to  the  bot- 
tom :  the  water  then  is  to  be  decanted  off  from  the  grofs  fedi- 
ment,  and  paffcd  through  a  fine  filken  fearce :  the  fediment 
which  is  depofited  from  this  decanted  and  lifted  water  is 
the  fineft.  and  pureft  part  of  the  clay,  and  ought  to  be  care- 
fully and  cleanly  collected  and  dried.  This  purification  of 
clay  by  warning  is  very  neceflary  when  good  pottery  or 
porcelain  is  to  be  made.    See  Pottery  and  Porcelain-. 

The  pyritous  particles  found  in  clays  render  them  very 
fufible.  A  bit  of  pyrites  left  in  clay  which  is  expofed  to 
a  baking  fire,  always  forms  a  cavity  in  the  clay  lined  with 
a  black  leaden  color.  \ 

The  warning  with  water  is  an  effectual  method  of  fepa- 
rating from  clay  even  the  fmallcft  particles  of  pyrites ; 
becaufe  thefe  particles  have  effentialiy  a  fpecific  gravity 
much  greater  than  that  of  clay.  But  fand  and  mica 
are  not  fo  eafily  feparated  from  clay.  Mr.  Macquer  has 
£hewn  in  his  Memoir,  that  the  moll  careful  wafhing  is 
infufficient  for  an  entire  feparation  of  fandy  particles  con- 
tained in  clays ;  becaufe  every  native  clay  contains  a  con- 
fiderable  quantity  of  fandy  particles  as  fine  and  as  light  as 
the  clay  itfelf. 

Mica  alfo  cannot  be  feparated  from  clay  for  the  fame 
reafon  :  but  thefe  fine  partrcles  of  fand  and  mica,  which 
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cannot  be  feparated  by  warning,  do  not  injure  works  made 
of  clay,  but  are  rather  ufcful  by  preventing  cracks  in  dry- 
ing and  baking.    See  Pottery. 

The  particles  of  calcareous  earths  which  injure  the  purity 
of  many  native  clays,  are  eafily  difcovered  by  the  efFer- 
vefcence  which  they  make  with  nitrous  acid.  This  kind 
of  earth  cannot  be  feparated  from  clays  by  wafliing,  from 
the  flnenefs  and  lightnefs  of  its  parts.  Clay  containing  a 
certain  quantity  of  calcareous  earth  is  by  this  mixture 
rendered  fufible,  from  the  fandy  particles  infeparable  from 
the  clay  :  hence  all  calcareous  clays  are  improper  for 
making  utenfils  intended  to  fuftain  intenfe  heat. 

Laftly,  vitriolic  acid,  which  appears  to  have  been  com- 
bined and  distributed  in  a  fingular  manner  by  nature  in  all 
clays,  may  be  feparated  from  them  by  digefting  them  in  an 
alkaline  liquor,  and  afterwards  by  edulcorating  this  clay 
with  a  fufneient  quantity  of  water:  but  this  purification  of 
clays  is  not  neceffary  for  moil  purpofes  to  which  thefe 
earths  may  be  applied;  becaufe  this  acid  is  not  injurious. 
Vitriolic  acid  mixed  with  clavs  renders  them  capable  of 
decompofing  nitre  and  common  fait,  and  of  difengaging  the 
acids  of  thole  falts. 

Thefe  extraneous  matters  being  found  naturally  mixed 
with  clays  either  fingle,  or  feveral  together,  •and  in  all  pro- 
portions, Occafion  a  great  variety  of  native  clays.  No 
earth  has  fo  many  different  kinds ;  and  undoubtedly  from 
this  great  variety  proceeds  the  multiplicity  of  names  which 
are  annexed  to  the  feveral  kinds  of  clay. 

The  earths  called  boles,  bolar  earths,  and  fealcd  earths,  are 
true  clays.  Thefe  names  have  been  chiefly  applied  to 
thofe  clays  which  flick  ftrongly  to  the  tongue,  and  alfo  to 
certain  clays  filled  with  a  large  quantity  of  ferruginous 
earth,  by  which  they  are  uniformly  colored  red  or  yellow. 
Other  names  are  applied  to  clays  from  their  particular  ufes. 
Such  are  fuller' 's- earth ,  tile- earthy  brick- earthy  potter*  s- clay, 
pipe-clay,  porcelain-clay. 

The  earths  called  marks,  as  they  are  capable  of  dilution 
in  water,  have  a  certain  degree  of  binding  quality,  effervefce 
with  nitrous  acid,  are  fufible  with  an  intenfe  heat,  and 
appear  to  be  nothing  elfe  than  clays  more  or  lefs  fandy,  and 
mixed  with  much  calcareous  earth. 

Laflly,  epithets  are  given  to  many  clavs  denoting  their 
color,  as  zvhite  clays,  grey  clays,  blue  clays,  &c. 

But  thefe  names  communicate  little  knowledge  on  the 
true  nature  of  the  feveral  native  clays.    A  more  particular 
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examination  by  chemical  proofs  is  requifite  to  inve&igate 
the  heterogeneous  matters  with  which  different  native  clays 
are  mixed,  the  mixture  of  which  alters  the  purity  of  fimple 
and  primary  argillaceous  earth,  to  which  they  owe  all  they 
poffefs  of  argillaceous  properties ;  then  names  might  be 
given  which  ihould  indicate  their  color  and  the  heteroge- 
neous matters  with  which  they  are  mixed,  or  at  lead  thofe 
which  prevail  moft.  Thus  amongft  thefe  names  we  mould 
have  white ^  fandy,  micaceous,  or  calcareous  clays ;  grey  or  blue 
pyritous  clays ;  red  or  yellow  ferruginous  clays  -y  black  bituminous 
clays,  &c. 

As  our  intention  in  this  work  is  not  to  enter  into  the 
details  of  natural  hiftory,  we  mall  fay  no  more  upon  this 
fubjedt.  What  we  have  faid  concerning  the  properties  of 
pure  clay,  and  the  different  fubftances  which  alter  its 
purity,  and  more  or  lefs  difguife  the  argillaceous  properties 
of  native  clays,  is  fufficient  to  give  a  notion  of  the  light 
which  chemiftry  can  throw  on  natural  hiftory  in  this  and 
many  other  inftances. 

In  Mr.  Gellert's  table  the  fubftances  capable  of  acting 
upon  clays  are  fet  down  in  the  following  order :  Vitriolic 
acid,  partly  (fee  an  explanation  of  this  word  partly  at  the 
article  Alum),  liver  of  fulphur,  fixed  alkali,  borax,  calx 
of  lead,  calx  of  antimony,  gypfeous  earth,  calcareous 
earth. 

CLOVES,  (m) 

CLYSSUS.  By  the  word  clyffus  are  meant  the  vapors 
which  rife  during  the  detonation  of  nitre  with  any  inflam- 
mable body.  Thefe  vapors  may  be  collected  and  con- 
denfed  into  a  liquor  by  a  proper  apparatus  of  veffels. 

The  vapors  refulting  from  the  detonation  of  nitre  with 
charcoal  are  called  clyffus  of  nitre.    To  prepare  this  clyffus, 

(m)  Cloves.  The  pungency  of  cloves  refides  in  their  refin, 
or  rather  in  a  combination  of  refin  with  effential  oil ;  for  the 
fpirituous  extract  is  very  pungent;  but  if  the  oil  and  the  refin 
contained  in  this  extract,  be  feparated  from  each  other  by  diftilla- 
tion,  the  oil  will  be  very  mild ;  and  any  pungency  which  it  does 
retain  proceeds  from  fome  fmall  portion  of  adhering  refin,  and 
the  remaining  refin  will  be  infipid.  No  plant,  or  part  of  any 
plant,  contains  fo  large  a  portion  of  eiTential  oil  as  cloves  do. 
From  fixteen  ounces  Neuman  obtained  by  diftillation  two  ounces 
and  two  drams,  and  Hoffman  obtained  from  the  fame  quantity 
an  ounce  and  a  half.  This  oil  is  fpecifically  heavier  than  water. 
Neuman. 

Vol.  I.  Q.  an 
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an  earthen  retort  muft  be  employed  capable  of  fuftaining  a* 
great  heat  applied  fuddenly  without  injury. 

This  retort,  which  ought  to  be  tubulated,  is  to  be 
placed  in  a  furnace,  and  to  it  a  very  large  balloon  with  a. 
fmail  hole  is  to  be  adj lifted.  When  the  bottom  of  the 
retort  has  become  red-hot,  a  fmall  quantity,  that  is,  a 
dram  and  a  half,  or  two  drams,  of  a  mixture  of  purified 
nitre  and  charcoal  powder,  is  to  be  thrown  into  the  retort 
through  the  tubulated  part,  v/hich  muft  be  immediately 
afterwards  clofed  ;  the  nitre  then  detonates,  and  the  vapors 
are  condenfed  in  the  receiver. 

Other  parcels  of  the  detonating  mixture  are  to  be  thrown 
in'  fucceilivelv  with  the  fame  management,  till  a  fufficient 
quantity  of  liquor  is  collected  in  the  receiver.  'If,  inftead 
of  charcoal  powder,  fulphur  be  employed  to  detonate  with 
nitre  in  clofe  veficls,  the  liquor  obtained  is  called  clyjfus  of 
fulphw-y  and  if  antimony  be  employed  to  detonate  with 
nitre,  the  liquor  is  called  clyjfus  cf  antimony. 

The  old  chemifls,  who  practifed  thefe  operations,  be- 
lieved that  the  liquors  thus  obtained  had  particular 
virtues  for  alchemical  purpofes.  For  this  reafon,  they 
made  this  preparation  with  great  apparatus  and  trouble. 
But  now,  when  chemical  operations  are  better  underftood, 
thefe  •  liquors  are  believed  to  have  no  virtues.  The  clyffus 
of  nitre  is  made  in  laboratories,  not  for  any  ufe  to  which  it 
can  be  applied,  but  to  eftablifh  a  theory  concerning  the 
nature  of  nitrous  acid,  and  to  prove  that  this  acid  is  entirely 
deftroyed  and  decompofed  by  detonation. 

For,  when  the  operation  is  finifhed,  nothing  is  found  in 
the  retort  but  the  alkali  which  was  the  bafis  of  the  nitre ; 
and  the  liquor  contained  in  the  receiver  has  no  acid  tafte, 
does  not  redden  the  tincture  of  turnfol,  makes  no  effer- 
vefcence  with  alkaline  matters,  and  is  truly  nothing  but 
water,  which  is  fometimes  flightly  alkaline,  becaufe  the 
force  of  detonation  is  capable  of  raifing  fome  fmall  part  of 
the  alkali  of  the  nitre. 

The  clyflus  of  fulphur  is  acid,  becaufe  the  vitriolic  acid 
of  the  fulphur  is  not  decompofed,  as  the  nitrous  is,  by 
combuftion,  but  is  difengaged  and  fet  at  liberty  by  the 
burning  of  the  phlogifton  of  the  fulphur.  Befides,  one 
part  of  this  vitrioiic  acid  when  difengaged  acts  upon  the 
nitre,  forms  with  its  bafis  a  vitrioiated  tartar  called  Glafers 
fed  polychrejlum^  and  difengages  the  nitrous  acid.  This 
portion  of  nitrous  acid  thus  difengaged  by  the  acid  of  Ail- 
phur,  and  which  is  n.j  longer  retained  and  fixed  by  an  alkali, 
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is  not  capable  of  inflaming  with  phlogifton  :  wherefore  it  is 
not  decompofed,  and,  together  with  the  vitriolic  acid  which 
is  not  fixed  by  the  alkali  of  the  nitre,  makes  part  of  the 
clyflus. 

The  clyflus  of  fulphur  appears  then  to  be  compofed, 
I.  Of  a  part  of  the  nitrous  acid  deftroyed  by  inflammation 
with  the  phlogifton  of  the  fulphur  :  2.  Of  another  portion 
of  nitrous  acid  which  is  not  decompofed,  but  is  difengaged 
by  the  acid  of  fulphur  :  '3.  Of  all  the  acid  of  fulphur  which 
does  not  unite  with  the  alkaline  bafis  of  the  nitre. 

The  clyflus  of  fulphur  muft  differ  confide rably  according 
to  the  proportions  of  nitre  and  of  fulphur  employed.  If  a 
little  nitre  be  added  to  much  fulphur,  the  clyflus  will  be 
aimoft  all  pure  acid  of  fulphur. 

An  Englifh  chemift*,  fome  time  ago,  found  a  method  of 
obtaining  very  advantageoufly  the  vitriolic  acid  of  ful- 
phur, by  burning  fulphur  in  clofe  vefTels  with  a  ittiafj 
quantity  of  nitre.  This  method  of  decompofing  fulphur 
for  the  extraction  of  its  acid  is  faid  to  be  executed  in  great, 
and  to  be  the  caufe  cf  the  great  reduction  of  the  price  of 
that  acid  within  thefe  few  years  paff.  This  is  an  in- 
ftance  of  practical  utility  from  a  clyflus  ;  for  the  vitriolic 
acid  obtained  by  detonation  of  nitre  in  clofe  vefTels  is  a  true 
clyflus  of  fulphur. 

The  clyfTus  of  antimony  is  fimilar  to  that  of  fulphur  ;  for 
the  nitre  in  this  operation  chiefly  detonates  with  the  fulphur 
of  the  antimony  :  however,  the  phlogifton  of  the  metalline 
part  of  the  antimony  contributes  alfo  to  the  detonation, 
Befides,  fome  flowers  of  antimony  are  mixed  with  this 
clyflus. 

Several  necefTary  precautions  ought  to  be  taken  to  make 
this  operation  of  a  clyflus  fucceed,  and  to  avoid  accidents; 
for  the  rapidity  and  violence  with  which  nitre  detonates  in 
certain  circumftances  may  occafion  a  ftrong  exploi.on  and 
rupture  of  the  veflels.  To  prevent  thefe  accidents,  the 
inflammable  matters  ought  not  to  be  very  well  mixed  with 
the  nitre,  becaufe  the  detonation  is  proportionably  ftronger 
and  quicker  as  the  mixture  has  been  made  more  exactly. 
Alfo,  a  fmall  quantity  only  of  the  mixture  ought  to  be 
detonated  at  once,  and  another  quantity  mould  not  be  added 
till  the  detonation  of  the  former  be  finimed.  See  Nitre, 
Detonation  of  Nitre,  and  Gun-Powder. 


*  Dr.  Ward.    ^Spirit  of  Sulphur. 

a  2  coa- 


COAL 


COAGULATION.     This  term  is  employed  by 

chernifts  to  znote  cenain  operations  in  which  fluid  bodies 
become  fohd  j  :or  mitanct  ne  ci  yltalliz-ation  of  falts.  See 
Crystallization. 

COAGULUM.  This  La  in  word  is  ufed  to  fignify 
curdled  concretions  formed  by  tne  mixture  of  two  liquors, 
fuch  as  the  precipitate  of  filver  in  the  formation  of  luna 
cornea^  the  offa  Helmontii,  the  m  raculum  cbemicum,  and 
many  others.    See  tbefe  words. 

COAL.  By  the  word  coal  is  meant  any  fubftance 
containing  oil  which  has  been  expofed  to  fire  in  clofe 
vefTels,  Co  that  all  its  volatile  principles  are  expelled,  and 
that  it  can  fuftain  a  red  heat  without  further  decompo- 
fition.  Coal  is  a  body  folid,  black,  very  dry,  and  confider- 
ably  hard. 

The  fpecific  character  of  perfect  coal  is  its  capacity  of 
burning  with  accefs  of  air,  while  it  becomes  red-hot  and 
fparkles,  fometimes  with  a  fenfible  flame  which  gives  little 
light,  no  fmoke  or  foot  capable  of  blackening  white 
bcdies. 

Coal  is  capable  of  communicating  its  inflammable  prin- 
ciple either  to  the  vitriolic  acid,  with  which  it  forms 
fuiphur ;  or  to  the  nitrous  acid  contained  in  nitre,  with 
which  it  inflames ;  or  to  metallic  earths,  which  it  reduces 
into  metals.  But  the  phlogifton  cannot  pafs  from  coal 
to  form  thefe  new  combinations  without  the  afliftance  of 
red-heat. 

,  Coal  feems  to  be  an  unalterable  compound  in  every  in- 
ftance  but  thefe  mentioned,  of  burning  in  open  air,  and  of 
communicating  its  phlogifton  to  other  bodies  :  for  it  may  be 
expofed  in  clofe  vefTels  to  the  molt  violent  and  continued 
fire  without  fufFering  the  leaft  alteration.  No  difpofition  to 
fufe,  nor  any  diminution  of  weight  can  be  perceived.  It  is 
a  fubftance  exceedingly  fixed,  and  perhaps  the  moft  refrac- 
tory which  is  known. 

No  change  is  produced  upon  coal  by  air  or  by  water, 
nor  by  the  moft  powerful  menftruums  of  chemiftry,  except- 
ing perhaps  by  particular  procefTes.  A  trial  might  be  made 
whether  the  concentrated  mineral  acids,  or  cauftic  alkalis, 
would  not,  when  aflifted  by  heat,  make  fome  alteration  upon 
coal  in  a  long  time.  The  younger  Mr.  Rouelle  propofed  as 
a  problem,  in  the  Journal  de  Medicine  for  October,  1762, 
to  diffblve  vegetable  coal  in  the  palm  of  the  hand.  Why  he 
propofed  it  as  a  problem  we  do  not  know;  fmce  he  adds, 
that  Mr.  Wolf  has  refolved  it,  and  that  this  folution  may 


COAL 


be  made  by  liver  of  fulphur.  He  has  not  explained  whe- 
ther he  means  the  folution  of  all  the  fubftanc  of  the  coal, 
or  of  its  phlogifton  only. 

Coal  is  evidently  a  refult  of  the  decomp  jfition  of  the 
compound  bodies  from  which  it  is  obtained,  i':  confifts  of 
the  greateft  p:.rt  of  ihe  earthy  principle  of  thefe  compound 
bodies,  with  wn  ch  a  part  of  the  falme  principles,  and 
fome  or  th  phiogifton  of  '  he  decompofed  oil  are  hxed  and 
combined  v  ry  intimately. 

Ccal  can  never  be  formed  bu.  by  the  phiogiiton  of  a  body 
which  has  been  in  an  oily  fcate  :  hence  it  cannot  be  formed 
by  fuipbur,  phofphorus,  metals,  nor  by  any  other  fubftance 
the  phiogiron  of  which  is  not  in  an  oily  ftate. 

Aifo  ev  -ry  oily  matter  tr.ate  i  with  fire  in  clofe  vefTcls 
fui  lifhes  .rue  coai  ;  fo  that  whenever  a  charry  reliduum  is 
left,  we  may  be  certain  that  the  fubftance  employed  in  the 
operation  contained  oil.    See  Oil. 

], airly,  the  inriammable  principle  of  coal,  although  it 
proceed  irom  an  oil,  is  certainly  not  an  oil,  but  is  pure 
phlogifton ;  fince  coal  added  to  vitriolic  acic|  can  form 
fulphur,  to  phDiphoric  acid  can  form  phofphorus,  to  me- 
tallic earths  ean  form  metals,  and  can  detonate  with  nitre; 
and  fince  oil  can  produce  none  of  thefe  effects,  till  it  has 
been  decompoied  and  reduced  to  the  ftate  of  coal.  See 
Sulphur,  Phosphorus,  Metals,  Nitre,  and  Oil. 

Befi  .e^,  tiie  phenomena  accompanying  the  burning  of 
coal  are  different  from  thofe  which  happen  when  oily  fub- 
ftances  are  burnt.  The  flame  of  charcoal  is  not  fo  bright  as 
that  of  oil,  and  produces  no  fir.oke  or  foot. 

All  the  phlogifton  of  coal  is  not  burnt  in  open  air,  partis 
cularly  when  th  -  combuftion  is  flow.  One  part  of  it 
exhales  without  decompolition,  and  forms  a  vapor,  or  an 
invifible  and  infenfible  gas.  This  vapor,  or  this  phlo- 
gifton, difengaged  from  coal,  is  very  pernicious.  It  fo 
affects  the  brain  and  nerves  as  to  occafion  inftant  death. 
For  this  reafon,  to  remain  in  a  clofe  place  where  charcoal 
or  other  coal  is  burnt,  is  dangerous.  Perfons  ftruck  by 
vapor  of  charcoal  are  {tunned,  faint,  fuffer  a  violent  head- 
ach,  and  fall  down  fenfelefs  and  motionlefs.  If  they  are 
yet  alive,  the  beft  me  hod  of  recovering  them  is  to  expofe 
them  as  quickly  as  is  poflible  to  open  air,  and'  to  make  them 
Iwallow  vinegar,  and  breathe  its  fteam.  Acids,  and  parti- 
cularly vinegar,  feem  to  have  a  property  of  fixing  and 
reftraining  in  fome  fcrtthe  action  of  phlogifton,  and  of  the 
vapors  of  volatile  inflammable  matters,   which  produce 
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fimilar  effects  on  animals.    Far  this  reafon,  vinegar  dirm- 

niwes  the  accidents  of  intoxication  occafioned  by  fpirituous 
liquors  and  hy  opium.  The  vapor  v/hich  exhales  from 
liver  of  fulphur,  particularly  when  a  large  quantity  of 
it  is  deconftpofed  bv  an  acid,  and  the  vapors  which  exhale 
from  njatters  un deS  going  the  fpirituous  or  putrid  fermenta- 
tion produce  the  fame  accidents  as  the  vapors  of  coal,  and 
are  remedied  by  the  fame  means. 

Amongft  coals,  fome  differences  are  cbfervable,  which 
proceed  from  the  difference  of  the  bodies  from  which  they 
are  made;  particularly,  fome  coais  are  more  combuftibie 
than  others.  This  combudibility  of  coals  feems  to  de- 
pend on  the  greater  or  lefs  quantity  of  faline  principle 
contained  in  coal;  that  is  to  fay,  that  the  more  it  contains 
of  faline  principle,  the  more  eafily  it  decompofcs  and  burns. 
For  example,  coals  made  of  plants  and  wood,  containing 
much  faline  matter  capable  of  fixing  it,  the  afhes  of  which 
contain  much  alkaline  fait,,  burn  vigoroufly  and  produce 
much  heat ;  whereas  the  coals  of  animal  matters,  the  faline 
principles  of  which-  are  volatile,  and  cannot  be  fixed  but 
in  fmall  quantity,  and  the  afhes  of  which  contain  little  or 
no  alkaline  fait,  are  fcarcely  at  all  combuftibie.  For  they 
not  only  do  not  kindle  fo  eafily  as  charcoal  does,  nor  ever 
burn  alone,  but  they  cannot  be  reduced  to  afhes  without 
very  great  trouble,  even  when  the  moft  effectual  methods 
are  ufed  to  facilitate  the  comb  u  ft  ion. 

I  have  kept  the  coal  of  bullock's  blood  very  red-hot  in  a 
mallow  crucible,  furrounded  with  burning  charcoal,  fix 
hours  and  more,  and  ftirred  it  conftantly  that  it  might  all 
be  expofed  to  the  air.,  but  I  could  not  reduce  it  to  white  or 
even  grey  afhes.  It  remained  {fill  very  black  and  full  of 
phfagntoh. 

The  coals  of  pure  oils,  or  of  concrete  oily  fubftances,  and 
foot,  v/hich  is  a  kind  of  coal  raifed  during  the  inflammation 
of  oils,  are  as  difficultly  burnt  as  animal  coals.  Thefe 
cord?  contain  very  little  faline  matter,  and  their  afhes  furnifh 
no  alkali. 

Thefe  coals,  which  are  fo  difficultly  burnt,  are  alfo  lefs 
capable  of  inflaming  with  nitre  than  others  more  com- 
buftible; and  fome  of  them  even  in  a  great  meafure  refift 

the  action  of  nitre. 

.  The  refractory  quality  of  coals  is  a  fingular  property. 
This  property  is  in  fo  great  a  degree,  that  they  are  found  to 
be  the  fitteft  fubftances  for  fupporting  bodies  expofed  to  the 
focus  of  large  burnirrg-glaffcs.   Neverthelefs  all  coal  is  com- 
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.pofed  of  an  earth  which  is  not  perfectly  refractory,  of  a 
faline  matter  which  is  fuiible  and  aiUfts  the  fufion  of  other 
fubftances,  and  of  phlogifton  which  is  certainly  the  prin- 
ciple of  the  fallibility  of  metals,  as  their  earths  become  fo 
much  more  difficult  to  fufe  as  they  are  more  dephlogifti- 
cattd.  (n) 

COAL  (FOSSIL),  (o) 

COATING,  (p) 

COBALT. 

(n )  To  make  charcoal,  or  vegetable  coal,  pieces  of  wood  are 
fo  difpofed*  as  to  form  a  pile,  gene;  ally  conical,  which  pile  is 
covered  with  turf  to  prevent  Che  coo  free  draught  of  air,  by  which 
the  wood  would  be  reduced  to  allies  and  not  to  coal.  The  pile  is 
then  to  be  kindled,  and  the  fire  is  to  be  continued  till  all  the  watery 
and  the  more  volatile  parts  of  the  wood  are  difiipnted  ;  that  is, 
till  no  more  fmoke  ariks,  at  which  time  the  wood  is  thorough- 
ly red-hot.  The  external  air  is  then  to  be  totally  excluded, 
by  covering  the  pile  with  earth,  and  thus  the  fire  is  extin- 
guished. 

fo)  Coal  (Fossil),  or  Pit-Coal,,  is  a  BJack  or  b/own, 
laminated,  bituminous  fubftance,  not  very  eafily  inflammable,  but 
which  once  inflamed,  burns  longer  and  more  intenfely  than  any 
other  fubftance.  Of  this  fubftance  three  kinds  are  diftinguiih- 
ed  by  authors.  The  refiduum  of  the  firfl  after  ccmbullion  is 
black;  the  refiduum  of  the  fecend  is  fpongy,  and  like  pounce 
ftone ;  and  the  reliduum  of  the  third  is  whitilh  afhe-,.  Some 
fofiil  coal,  by  long  expofure  to  air,  falls  into  a  greyiih  powder, 
from  which  alum  may  be  extracted.  Foilii  coal  by  difdilationr 
yields,  I.  a  phlegm  or  water;  2.  a  very  acid  liquor;  3.  a  thic^ 
oil  like  naphtha;  4.  a  thicker  oil,  refembling  petroleum,  which 
falls  to  the  bottom  of  the  former,  and  which  rifes  with  a  violent 
fire;  5.  an  acid  concrete  fait;  6.  an  inflammable  earth  remains 
in  the  retort.  Thefe  conftituent  parts  of  foffil  coal  are  very 
fimilar  to  thofe  of  amber  and  other  bitumens.  oW  Bitumen. 
For  the  exciting  of  intenfe  heats,  as  of  furnaces  for  fmelting  iron- 
ore,  and  for  operations  where  the  acid  and  oily  vapors  would  be 
detrimental,  as  the  drying  of  malt,  fofiil  coals  are  previoufly 
charred,  or  reduced  to  coaks ;  that  is,  they  are  made  to  undergo 
an  operation  fimilar  to  that  by  which  charcoal  is  made.  By  this 
operation  coals  are  deprived  of  their  phlegm,  their  acid  liquor, 
and  of  greateif.  part  of  their  fluid  oil.  Coaks  therefore  con- 
ilft  of  the  two  moll  fixed  conftituent  parts,  the  heavy  oil  and  the 
earth,  together  with' the  acid  concrete  fait,  which  though  volatile 
is  detained  by  the  oil  and  earth. 

(pj  Coating,  or  Lorication,  is  an  application  of  clay,  or 
•mixture  of  clay  with  fan.d  or  other  fubftance,  to  the  external  or 
internal  furfaces  of  chemical  veffeis,  to  gaard  them  againlt  the 
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COBALT.  This  name  is  given  by  authors  to  feveral 
diftertent  minerals.  We  fhall  here  only  talk  of  that  kind  of 
cobalt  which  contains  the  metallic  matter  whofe  calx  fur- 
nifiies  a  blue  glafs  when  vitrified  ;  becaufe  the  name  cobalt 
ought  to  be  confined  to  this  mineral  alone,  to  avoid  the 
uncertainty  and  confufion  too  frequent  in  names  of  natural 
hiftory  and  of  chemiftry. 

Cobalt  is  a  very  heavy  mineral,  of  no  determinate  figure ; 
of  a  grey  color,  more  or  lefs  brilliant ;  of  a  fine,  compact, 
clofe  grain,  the  furface  of  which,  when  it  has  been  expofed 
to  the  air,  is  covered  with  a  powder,  or  efflorefcence  of  the 
color  of  a  peach-bloffom. 

This  mineral  is  not  found  in  many  places.  Hitherto  it 
feems  to  have  been  found  only  in  Saxony  and  in  the  Pyre- 
nean  mountains  (q).    It  contains  feveral  fubftances  mixed 

and 

effects  of  fudden  heat,  or  of  the  corrofive  quality  of  the  matter  to 
be  contained.  Thus  glafs  retorts  intended  to  be  expofed  to  what 
is  called  a  naked  fire,  that  is,  to  a  fire  without  interpofition  of  a 
fand-bath  or  other  fubftance,  ought  to  be  externally  coated,  by 
which  means  they  will  not  be  fo  liable  to  be  cracked  by  the  fudden 
application  of  heat  and  cold.  Retorts  may  be  coated  in  the  fol- 
lowing manner :  Take  of  clay  and  fand  equal  parts  ;  make  them 
into  a  thin  pafte,  with  freftt  blood  prevented  from  coagulating  by 
agitation  till  it  be  cold,  and  diluted  with  water  ;  add  to  this  pafte 
fome  hair  and  po  vdered  glafs ;  with  a  brulh  dipt  in  this  mafs 
befmear  the  retort ;  and  when  this  firft  layer  is  dry,  let  the  fame 
operation  be  repeated  twice  or  oftener,  till  the  coat  applied  be 
about  one-third  part  of  an  inch  thick.  For  the  compofitions  for 
coating  crucibles,  furnaces  and  other  inftruments  made  of  plate- 
iron,  /^Crucible. 

fqj  Cobalt  has  been  found  in  Cornwall,  Scotland,  and  pro- 
bably in  other  parts  of  Europe.  That  it  is  in  the  eaftern  parts  of 
Aiia,  appears  from  the  blue  coloring  on  old  oriental  porcelain. 
Probably  alfo  the  mines  difcovered  in  thefe  countries  are  nearly 
exhaufted>  as  confiderable  quantities  of  zaffre  and  fmalr.  are  ex- 
ported from  Europe  to  China.  Befides  the  grey  or  am- colored 
cobalt  defcribed  in  the  text,  which  is  the  moft  frequent,  other 
cobalts  are  found  of  various  colors  and  textures,  mixed  with 
various  fubftances.  Wallerius  enumerates  fix  fpecies  of  cobalts. 
i .  The  ajh-colored  ere,  which  is  regulus  of  cobalt  mineralifed  by 
arfenic,  confifting  of  mining leaden -colored  grains.  Some  ores  of 
this  kind  are  compact,  refembling  fteel,  and  others  are  of  a  loofe 
texture  and  friable.  2.  The  fpecular  ore  is  black,  mining  like  a 
mirror  and  laminated.  This  fpecies  is  very  rare,  and  is  fuppofed 
by  Wallerius  to  be  a  foliated  fpar,  or  felenites  mixed  with  ore  of 
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and  confounded  together,  and  in  this  refpecl:  fome  cobalts 
differ  from  others.  All  of  them  contain  fulphur,  much 
arfenic,  and  the  femi-metal  the  calx  of  which  may  be  made 
into  blue  glafs,  and  which  Mr.  Brandt  of  the  Swedifh 
Academy  calls  Regulus  of  Cobalt  when  it  is  reduced  to  its 
metalline  ftate.  Befides  thefe  fubftances,  fome  cobalts 
contain  bifmuth,  filver,  or  both  of  thefe. 

Of  all  thefe  matters,  the  peculiar  regulus  of  cobalt  renders 
this  mineral  valuable  from  the  fine  blue  which  is  manufac- 
tured from  it,  and  which  is  the  only  blue  that  can  be  ufed 
in  vitrification. 

Neverthelefs  other  fubftances  are  collected  from  cobalt 
in  the  operations  practifed  on  it,  but  only  fecondarily, 
becaufe  thefe  fubftances  may  be  obtained  without  additional 
labor  or  expence.  For  example,  as  it  is  neceffary  in  the 
preparation  of  the  blue  to  expel  the  arfenic,  this  mineral 
muft  be  expofed  to  long  roaftings ;  inftead  of  difiipating 
the  arfenic  which  rifes  in  vapors  during  the  torrefaction, 
it  is  collected  in  long  crooked  chimneys,  adapted  to  the 
furnaces  in  which  the  cobalt  is  roafted,  and  thus  is  obtained 
almoft  all  the  arfenic  which  is  fold  in  commerce.  See 
Arsenic. 

Likewife  after  the  roafting,  when  the  calx  of  cobalt  is 
fufed  with  verifiable  matters  to  make  the  blue  glafs  called 
Smalts  the  bifmuth  and  filver  may  be  feparated  and  col- 
leaed. 

cobalt.  3.  The  'vitreous,  or  Jlag-like  ore,  is  of  a  blueifh,  ihining 
color,  compact,  or  fpongy.  4.  Cryftallized  ore  of  cobalt  is  a  grey, 
deep-colored  ore  of  cobalt,  confifting  of  clutters  of  cubical,  pyra- 
midal, prifmatic  cryftals.  5.  Flowers  of  cobalt,  red,  yellow,  or 
violet.  Thefe  flowers  feem  to  be  formed  from  fome  of  the  above 
defcribed  compact,  ores,  decompofed  by  expofure  to  moift  air.  This 
decompofition  is  fimilar  to  that  which  happens  to  ferruginous  and 
cupreous  pyites.  6.  The  earthy  ore  of  cobalt  is  of  a  greenifh 
white  or  of  a  yellow  color,  and  of  a  foft  and  friable  texture.  This 
fpecies  fcems  to  be  an  oenre  of  cobalt,  and  is  formed  perhaps  from 
the  flowers  of  cobalt  f  urther  decompofed,  in  the  fame  manner  as 
a  martial  ochre  is  formed  from  the  faline  efflorefcence  of  decom- 
pofing  pyrites,  when  this  efflorefcence  is  further  decompofed  by 
expofure  to  moift  air ;  by  which  the  vitriolic  acid  contained  in  it 
is  expelled,  and  the  efflorefcence  is  changed  from  a  faline  ftate  to 
that  of  an  ochre  or  calx.  Befides  thefe  proper  ores  of  cobalt,  it 
is  alio  found  in  a  blue  clay  along  with  native  filver,  in  ores  of 
bifmuth,  and  in  the  mineral  called  kupfernickel.  Ste  Nic- 
kel. 
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The  filver,  although  a  valuable  metal,  is  generally  in  fo 
fmall  a  quantity,  that  it  would  not  be  worth  the  trouble  of 
obtaining  on  purpofe  from  this  mineral.  The  cobalt  is 
therefore  always  operated  upon  for  the  fake  of  the  blue. 

If  well-calcined  cobalt  be  treated  with  phlogifton  and 
fluxes,  like  other  metallic  calxes,  it  will  be  reduced  to  a 
femi-metal,  called  by  Mr.  Brandt,  who  firft  discovered  it, 
the  Regulus  of  Ccbalt. 

This  reguius,  and  alfo  the  calx  of  cobalt,  amongft  other 
lingular  properties,  has  that  of  making  a  very  cuiious  fym- 
pathetic  ink,  by  being  diflblved  in  aqua  regia.  See,  for  what 
further  relates  to  cobalt,  the  articles  Smalt,  Zaffre,  Azur, 
Regulus  of  C  ob  alt,  and  Ink  (Sympathetic). 

COCHINEAL,  (s) 

COEKULEUM  MONTANUM.  (s) 

COHESION.  By  cohefioii  is  meant  the  adhefioa 
which  the  integrant  or  the  constituent  parts  of  bodies  have  to 
each  other. 

(r)  Cochineal.  From  an  ounce  of  cochineal  Neuman 
obtained  by  diiiiHation  two  fcruples  of  phlegm,  four  fcrupies  of 
urinous  fpirit,  fifteen  drops  of  oily  fpirit,  twenty-two  grains  of 
volatile  alkali,  five  fcrup.es  and  two  grains  of  empyreumatic  oil, 
and  two  drams  and  two  fcruples  of  a  reriduum  containing  five 
grains  of  fixi  'iixivial  fait.  The  fame  author  found  that  of  four 
drams  of  cochineal,  three  drams  were  foluble  in  water,  and 
nearly  as  much  in  fpirit  of  wine. 

Cochineal  in  ailed  or  boiled  with  water  produces  a  crimfon  tinc- 
ture inclining  to  puiple.  Fixed  alkali  renders  the  crimfon  deeper, 
but  leiTens  its  luiire.  Volatile  alkali  heightens  the  color  without 
diminution  of  luitre..  The  beft  method  of  applying  volatile  alkali 
for  this  purpofe  in  dying  was  found  by  Mr.  Hellot  to  be,  by 
dipping  the  cloth  dyed  with  cochineal  in  a  folution  of  fal  ammo- 
niac, and  then  throwing  into  the  folution  fome  potafh,  by  which 
the  volatile  alkali  or  the  fal  ammoniac  is  difen gaged.  By  a  fmall 
quantity  of  vitriolic  acid  the  crimfon  decoction  of  cochineal  is 
rendered  purple,  by  more  of  that  acid  it  is  rendered  flefh-colored, 
and  by  frill  more  colorlefs.  This  color  is  firft  changed  to  a  yellow,  i 
and  afterwards  defiroyed  by  nitrous  acid.  Solution  of  tin  in  aqua 
regia  heightens  the  color  of  this  decoction  to  a  fcarlet.  French 
dyers  give  a  fcarlet  tinge  to  this  decodtion  by  turmeric  ;  but  this 
tinge  does  not  penetrate  the  cloth,  and  is  not  durable.  See 
Dying. 

(s)  Coeruleum  Mo nt a n u M,  mountdin- blue,  called  by  fome 
"authors  cbryfocdla,  is  a  blue  ore  of  copper.  See  Ores  of  Cop- 
ter.. 
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COHOBATION.  Cohobation  is  an  operation  by 
which  the  fame  liquor  is  frequently  diftilled  from  the  fame 
body,  either  with  an  intention  to  diffolve  this  body,  or  to 
produce  fome  change  upon  it.  This  is  one  of  thofe  opera- 
tions which  the  ancient  chemifts  prad"f.ifed  with  great  patience 
and  zeal,  and  which  are  now  neglected. 

•  To  m  ke  this  operation  eafier,  and  to  prevent  the  trouble 
of  frequently  changing  or  moving  the  velTels  employed,  a 
particular  kind  of  alembic  is  contrived,  very  convenient  and 
well  adapted,  called  a  Pelic.m.    See  Pelican. 

COLCOTHAR.  Colcothar  is  the  fubftance  which 
remains  from  the  calcination  and  diftillation-  of  martial 
vitriol  with  a  violent  fire. 

Vitriolic  acid  does  not  adhere  fo  ftrongly  to  the  iron  of  the 
martial  vitriol  as  to  be  capable  of  refilling  the  action  of  a 
ftrong  fire  ;  therefore  when  this  vitriol  is  heated  intenfely 
and  during  a  long  time,  it  lofes  more  and  more  of  its  acid, 
which  is  diilipated  if  the  calcination  be  performed  in  open 
veffels,  and  which  may  be  diftilled  with  a  proper  apparatus. 
When  the  vitriol  lofes  its  acid,  it  acquires  a  red  color, 
and  becomes  an  earthy  matter.  The  calx  of  iron,  whether 
it  has  been  deprived  of  phlogifton  by  lire  or  by  acids,  is 
always  of  this  red  color :  but  the  iron  contained  in  vitriol 
fufFers  this  alteration  during  the  calcination.  When  the 
calcination  is  finifhed,  what  remains  of  the  vitriol  has  {fill 
fome  tafte,  and  even  the  property  of  becoming  moift  when 
expofed  to  air.  Thefe  qualities  are  caufed  by  fome  remain- 
ing acid  which  adheres  obftinately  to  the  earth  of  the  iron, 
and  which  the  fire  could  not  expel.  As  this  acid  is  very 
much  concentrated,  and  is  not  combined  with  the  calx  of 
iron  in  the  colcothar,  as  it  was  with  the  iron  itfelf  in  the 
vitriol,  becaufe  the  phlogifton  of  the  iron  is  loft  by  calci- 
nation, we  need  not  wonder  that  this  calcined  vitriol  mould 
powerfully  imbibe  moifture  from  the  air,  although  the  un- 
calcined  vitriol  does  not. 

This  remaining  acid  may  be  taken  from  the  colcothar  by 
warning  with  water.  The  colcothar  then  has  no  tafte, 
does  not  attract,  moifture  from  the  air,  and  is  called  Sweet 
Earth  of  Vitriol. 

Unwafhed  colcothar  is  ufed  in  medicine,  but  only  exter- 
nally. It  may  be  properly  applied  to  all  putrid,  fanious 
and  fungous  ulcers,  becaufe  it  is  antifeptic,  ftrongly  tonic, 
aftringent,  and  even  corrofive,  from  its  remaining  uncom- 
bined  vitriolic  acid.  Set  Vitriol  (Maktial)  and  Cal- 
cination. 
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COLOPHONY.  Colophony,  or  rofin,  is  the  refi- 
nous  refiduum  after  the  diftillation  of  the  light  oil  from  tur- 
pentine. It  has  alfo  the  properties  of  other  refins,  and  the 
fame  principles  may  be  obtained  from  it  by  analyfis.  See 
Balsams  (Native);  Turpentine;  and  Resin. 

COLORS,  (t) 

COMBINATION.  By  the  word  combination,  w» 
ought  to  underftand  the  union  of  two  bodies  of  different 
natures,  from  which  a  new  compound  body  remits.  For 
example,  when  an  acid  is  united  with  an  alkali,  we  fay  that 
a  combination  betwixt  thefe  two  faline  Aibftanoes  takes  place, 
becaufe  from  this  union  a  neutral  fait  refults  which  is  com- 
pofed  of  an  acid  ziii  an  alkali.    See  Composition. 

COMBUST!  N.  Combuftion  is  nothing  el fe  than 
the  difengag;men  or  the  inflammable  principle  contained 
in  feveral  ^inds  of  bodies,  when  are  ther  fore  called  com- 
buftible. 

The  principle  of  inflammability  is  united  in  greater  or 
lefs  quantity  with  bodies,  and  in  feveral  different  manners  ; 
hence  the  diverfity  occaftoned  in  the  phenomena  of  com?* 
buftion. 

If  the  phlogifton  of  a  body  be  in  large  quantity,  and  in  an 
oily  ftate,  this  body  is  very  combuftible,  and  burns  with  a 
bright  flame,  accompanied  with  fmoke  and  foot.  Wood, 
dry  vegetables,  refms,  oils,  fat,  are  combuftible  bodies  of  this 
kind. 

If  the  phlogifton  of  a  body  be  not  in  an  oily  ftate,  but  in 
large  quantity,  or  not  very  intimately  combined,  this  body 
may  alfo  be  very  combuftible,  and  may  even  burn  with 
flame.  But  this  flame  is  {lighter  and  generally  lefs  lumi- 
nous than  the  flame  of  oily  bodies ;  belides,  it  is  accompa- 
nied with  no  fmoke  or  foot.  Spirit  of  wine,  fulphur, 
phofphorus,  charcoal,  fome  metallic  matters,  and  particu- 
larly zinc,  are  combuftible  bodies  of  this  kind.  The  flames 
of  phofphorus  and  of  zinc  are  neverthelefs  very  luminous. 

Laftly,  bodies  containing  phlogifton  which  is  not  in  an 
oily  ftate,  and  which  is  in  fmall  quantity,  or  ftrongly  com- 
bined with  other  uncombuftible  principles,  burn  difficultly 
without  any  fenfible  flame ;  fuch  are  certain  animal  coals, 
foot,  afhes  of  vegetables  containing  very  little  phlogifton, 
and  imperfect  metals. 

The  grand  principle  concerning  combuftion  in  general  is, 
that  no  combuftible  matter  can  burn  without  accefs  of  air, 

ft)  Colors.    See  Black,  Blub,  &C.  «W  Dving. 
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and  that  the  more  immediate  its  contact  with  air  is,  ths 
more  rapid  and  complete  is  its  combuftion.    See  Air. 

For  this  reafon,  even  the  moft  inflammable  bodies,  as 
fpirit  of  wine  and  ethereal  oils,  do  not  burn  but  at  their 
iurface,  becaufe  that  only  is  expofed  to  air.  For  the  fame 
reafon,  inflammable  bodies,  when  reduced  to  vapor,  burn 
rapidly  and  inftantaneoufly,  becaufe  they  are  all  expofed 
to  air  at  once.  Laftly,  for  the  fame  reafon,  fome  bodies, 
though  full  of  phlogifton,  fuch  as  fat,  oils,  Sec.  cannot 
bum  without  a  heat  fufficient  to  reduce  them  into  vapor. 

The  practical  methods  of  promoting,  accelerating,  and 
of  completing  the  combuftion  of  the  inflammable  princi- 
ple of  bodies  may  alfo  be  naturally  deduced  from  what  we 
have  faid  on  this  fubject.  Thefe  methods  confift  in  apply- 
ing as  much  of  thefe  bodies  as  pomble  to  the  air.  Thus 
by  directing  a  current  of  air  upon  the  burning  bodies,  their 
combuftion  is  accelerated  and  augmented  in  proportion  as 
this  current  is  ftronger,  as  the  effects  of  bellows  and  air- 
furnaces  evidently  prove. 

Moft  oily  bodies,  as  wood,  burn  with  much  flame,  which 
lafts  while  any  fenfible  quantity  of  oil  remains  :  after  which 
the  flame  ceafes.  They  are  not  however  yet  deprived  of  all 
their  inflammable  principle,  a  part  of  which  remains  in  the 
ftate  of  coal.  Then  the  remaining  part  of  the  body  may 
continue  to  burn,  if  it  contains  much  phlogifton,  but 
without  a  luminous  flame,  and  in  the  manner  of  charcoal. 

In  proportion  as  the  phlogifton  is  confumed  by  thi9 
fecond  combuftion,  what  remains  of  it  becomes  more  and 
more  difficultly  combuftible;  not  only  becaufe  the  leaft 
fixed  and  adherent  part  of  it  is  firft  burnt,  but  alfo  becaufe 
the  proportion  of  incombuftible  matter,  to  which  this 
phlogifton  is  united,  becomes  greater  and  greater.  Hence 
when  this  combuftion  has  arrived  at  a  certain  point,  that  is, 
when  a  fmall  portion  of  phlogifton  only  remains  ftrongly 
combined,  and  alfo  covered  and  defended  by  a  large  quan- 
tity of  incombuftible  matter,  this  remaining  phlogifton 
will  not  burn  alone,  and  is  nearly  in  the  fame  ftate  as  that 
of  moft  metallic  matters.  If,  therefore,  this  combuftion  is 
to  be  compleated,  which  then  is  called  calcination,  fire  mult 
be  applied  from  fome  other  fuel,  with  which  the  body  to 
be  calcined  or  dephlogifticated  is  to  be  penetrated,  and  kept 
red-hot ;  and  as  much  air  is  at  the  fame  time  to  be  applied 
to  the  body,  till  no  longer  any  marks  appear  of  its  inflam- 
mable principle.    Afties  of  vegetables,  foot,  coals  of  oils 
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and  of  animal  matters,  and  feveral  metallic  fubftances,  con- 
tain fome  phlogifton  in  this  laft  ftate. 

When  the  phlogifton  of  thefe  fubftances  is  to  be  entirely 
burnt  or  diiTipated,  all  the  means  capable  of  favouring 
combuftion  ought  to  be  made  to  concur.  The  fubftances 
ought  to  be  fijrft  divided  into  very  fmall  parts,  becaufe  then 
they  prefent  more  furface  to  the  air  than  when  in  one  mafs. 
They  are  then  to  be  expofed  to  the  action  of  fire  in  a 
convenient  veffel,  fo  that  the  air  may  have  free  accefs ;  as 
for  example,  in  a  wide-mouthed  teft,  and  under  a  muffle 
open  on  the  iide  at  which  air  is  introduced  into  the  furnace. 
To  accelerate  further  this  operation,  a  current  of  air  may 
be  directed  upon  the  furface  of  thefe  bodies,  and  they  may 
be  frequently  ftirred,  that  all  their  parts  maybe  fucceftively 
jprefented  to  air.  The  ftrongeft  fire  which  the  matter  can 
fuftain  without  fufion  ought  to  be  applied  ;  becaufe  a  melted 
body  forms  always  one  mafs,  and  prefents  lefs  furface 
than  when  it  is  divided  in  fmall  detached  parts.  Thus 
fufible  bodies,  as  afhes,  alkaline  falts  and  metals,  ought  to 
be  calcined  with  a  moderate  heat,  and  proportioned  to  their 
fufihility. 

The  laft  portions  of  the  phlogifton  of  certain  bodies  are 
fo  difficultly  combuftible,  that  notwithftanding  all  thefe 
means  united,  they  never  can  be  entirely  burnt. 

Some  of  them  even,  as  the  perfect  metals,  are  confidered 
as  bodies  entirely  incombuftible,  becaufe  they  can  fuftain 
the  moft  violent  fire  during  entire  months,  without  fuffering 
any  fenfible  alteration.  Neverthelefs,  Junker  affirms,  that 
gold  and  filver  may  be  calcined,  if  they  are  treated  during 
i:x  months,  by  reverberation,  in  the  manner  of  Ifaacus 
Holiandus. 

Although  the  certainty  of  this  experiment  has  not  been 
fuffcientiy  confirmed  by  repeated  trials,  the  method  or 
calcining  thefe  metals  propofed  by  this  chemift  agrees  fo 
well  with  the  great  principles  of  combuftion,  that  its 
fuccefs  feems  very  probable.    See  Calcination. 

COMPOSITION  of  BODIES.  Chemical  com- 
pofition  is  the  union  and  combination  of  feveral  fubftances 
of  different  natures,  from  which  a  compound  body  remits. 
From  this  union  of  bodies  of  different  natures  a  body  is 
formed  of  a  mixed  nature,  which  Becker  and  Stahl  have 
called  a  mixture,  and  which  may  be  called  a  combination  or 
chemical  compofnion,  to  avoid  the  equivocal  fenfe  of  the  word 
mixture,  by  which  may  be  underftood  only  a  mere  inter- 
pofition  of  parts,  and  which  therefore  would  give  a  very 
2  *"alfe 
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falfe  idea  of  chemical  compoficion,  in  which  a  mutual 
adhefion  takes  place  between  the  combined  fubftances. 

When  the  fubftances  confidered  by  chemifts  as  fimpley  or 
primary  principles  y  are  combined  together,  they  form  the 
iirft  compounds,  to  which  Becker  and  Stahl  give,  by  way 
of  excellence,  the  name  Mixts.  The  fame  chemifts  call 
the  bodies  formed  from  the  union  of  thefe  mixts,  compounds. 
When  they  treat  of  more  complicated  combinations,  they 
talk  of  decompounds  an#d  fur  decompounds. 

This  diftribution  of  bodies,  more  or  lefs  compounded,  is 
juft  and  conformable  to  experience.  But  the  names  given 
by  Becker  and  Stahl  are  not  fuffichmtly  clear  and  accurate. 

A  more  fimple  and  clear  method  of  diftinguifhing  thefe 
feveral  clafles  of  bodies  feems  to  be  by  numbers  indicating 
their  degree  of  compofition.  Thus  we  might  fay,  compounds 
of  the  firft,  of  the  fecond,  of  the  third  degree,  &c.  as 
Mr.  Macquer  propofes  in  his  courfe  of  chemiftry. 

CONCENTRATION.  The  concentration  of  a 
body  confifts  in  approximating  its  proper  and  integrant 
parts,  by  taking  away  fome  fubftance  intcrpofed  betwixt 
thefe  parts,  and  which  is  extraneous  or  fuperabundant  to  the 
body  to  be  concentrated.  Thus,  for  inftance,  a  folutioit 
of  any  faline  fubftance  in  water  may  be  concentrated  by 
expelling  part  of  the  water  of  this  folution.  But  cuftom 
has  applied  the  word  concentration  to  the  dephlegmation  of 
acids,  and  particularly  of  vitriolic  acid  by  diftillation,  and 
of  vinegar  by  congelation.  We  proceed  to  both  thefe  con- 
centrations. 

CONCENTRATION  ^/VITRIOLIC  ACID. 
Vitriolic  acid,  procured  either  from  vitriol  or  from  fulphur, 
is  never  fufliciently  pure  for  chemical  operations.  It  al- 
ways contains  fome  extraneous  fubftances  from  which  it 
mult  be  purified. 

The  heterogeneous  matters  which  chiefly  afreet  the  pu- 
rity of  vitriolic  acid,  are  fuperabundant  water  by  which  it  is 
weakened,  and  inflammable  mutter  by  which  it-  is  render- 
ed black  and  fulphureous.  Thefe  two  fubftances  are  fepa- 
rable  by  one  and  the  fame  diftillation,  which  is  called  the 
concentration,  or  the  rectification  of  vitr;dic  acid.  This  acid 
ought  to  be  diftiiled,  whether  it  be  both  watery  and  ful- 
phureous, or  have  only  one  of  thefe  faults. 

1  o  explain  what  pafles  in  this  operation,  and  the  ma- 
nagemeut  which  muft  be  obferved,  we  will  firft  confider 
what  happens  in  the  concentration  of  vitriolic  acid,  which 
is  only  diluted  with  fuperabundant  water,  and  not  phlo- 
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gifticated.  We  will  then  proceed  to  the  changes  produced 
upon  this  acid  by  diftJlation,  when  it  is  fuinciently  free 
from  water,  and  is  only  phlogifticated. 

When  vitriolic  acid,  diluted  with  fuperabundant  water, 
is  to  be  concentrated,  if  it  contains  a  confiderable  quantity 
of  water,  it  may  be  difengaged  from  the  greater!:  part  of 
this  fuperfiuous  water  in  ftone  or  glafs  bottles,  without  the 
apparatus  of  diftiilation.  The  greater  the  quantity  of 
water  which  is  united  with  the  vitriolic  acid,  the  lefs 
ftrongly  does  a  part  of  it  adhere.  As  this  water  is  much 
more  volatile  than  vitriolic  acid,  it  evaporates  by  almoft 
the  fame  degree  of  heat  which  is  r^quifite  to  the  evapora- 
tion of  pure  water.  While  the  water  exhales,  the  parts  of 
the  vitriolic  acid  remaining  in  the  veflel  are  approximated, 
and  the  acid  becomes  more  and  more  concentrated  and 
ftrong.  Thus  the  operation  proceeds  very  well  to  a  certain 
point,  and  even  better  than  by  diftiilation.  But  when  the 
acid  has  arrived  at  a  certain  degree  of  concentration,  it 
cannot  be  completed  in  open  veflels  j  becaufe  the  fmalier 
which  the  quantity  is  of  water  united  to  the  acid,  the  more 
ftrongly  it  adheres  j  fo  that  it  cannot  be  feparated  without 
a  heat  fumcient  to  raife  aifo  the  acid,  which  therefore  in 
open  veffels  would  be  loft.  But  another  and  more  remark- 
able inconvenience  occurs,  which  is,  that  when  vitrio- 
lic acid  begins  to  be  much  dephlegmated  and  very  ftrong, 
it  becomes  fo  greedy  of  moifture  that  it  attracts  that  of  the 
furrounding  air,  as  Mr.  Beaume  has  well  obferved,  and 
perpetually  combines  with  it ;  fo  that  every  inftant  it  renames 
as  much  water  from  the  air  as  it  lofes  by  evaporation. 
The  concentration  of  this  acid  muft  therefore  be  com- 
pleted in  clofe  veffels  by  diftiilation. 

For  this  diftiilation,  a  retort  of  good  glafs,  capable  of 
refifting  acids,  muft  be  filled  half  full  with  the  vitriolic 
acid  to  be  concentrated,  and  fet  in  a  fand-b:un  covered  en- 
tirely with  fand.  After  a  receiver  has  been  adapted  to  it, 
heat  muft  be  applied,  and  very  gradually  augmented  till 
drops  are  diftilled. 

If  the  vitriolic  acid  contains  little  water,  the  diftiilation 
does  not  begin  but  with  a  confiderable  degree  of  heat,  and 
the  drops  which  fall  into  the  receiver  are  very  acid.  Thefe 
drops  fall  very  flowly,  and  the  diftiilation  muft  not  be  too 
much  haftened.  As  the  concentration  advances,  the  drops 
follow  each  other  at  longer  intervals,  although  the  acid 
contained  in  the  retort  acquires  more  and  more  heat.  To- 
wards the  end  of  the  operation,  and  when  the  acid  is  much 
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concentrated,  care  muft  be  taken  not  to  encreafe  the  heat  fo 
much  as  to  make  the  acid  boil,  which  cannot  be  effected  with 
lefs  than  a  red  heat.  By  this  heat  all  the  acid  may  be  raifed 
at  once,  in  drops  and  burning  vapors,  which  pal's  precipi- 
tately, and  generally  burft  the  retort. 

When  this  accident  happens,  whether  it  proceeds  from 
haftening  the  diftillation  too  much,  or  from  cold  air  ftrik- 
ing  the  retort,  the  concentrated  and  burning  acid  is  almoft 
entirely  reduced  to  white,  thick,  iuffocating  vapors  which 
inftantly  fill  the  laboratory.  The  operators  ought  to  re- 
move themfelves  from  fuch  hurtful  vapors. 

The  duration  of  this  operation,  and  the  quantity  of  phleg- 
matic acid  to  be  diftilled,  fo  that  the  vitriolic  acid  mail  be  left 
highly  concentrated,  are  abfolutely  indeterminate,  as  they 
depend  on  the  degree  of  ftrength  which  this  acid  had  be- 
fore its  concentration.  The  vitriolic  acid,  which  was 
formerly  kept  by  druggifts,  required  that  one  half  of  it 
fhould  be  drawn  off  by  diftillation  to  make  the  remaining 
part  twice  as  heavy  as  water.  At  prefent,  it  is  much 
ftronger,  although  cheaper.  Some  may  be  got  very  con- 
centrated, and  which  only  requires  to  be  dephlogifticated  in 
the  manner  defcribed  below. 

The  vitriolic  acid  manufactured  in  the  great,  and  fold  in 
commerce,  is  always  mixed  with  more  or  lefs  inflammable 
matter,  by  which  it  is  rendered  black  and  opake.  It  may 
be  entirely  difengaged  from  this  extraneous  matter  by  a 
diftillation  fimilar  to  that  above  defcribed. 

The  firft  portions  of  fuch  an  acid  which  paries  in  diftilla- 
tion are  a  very  penetrating,  volatile,  fulphureous  acid.  If 
the  phlogifticated  vitriolic  acid  which  is  re&if.ed  be  alfo 
phlegmatic,  the  diftillation  may  be  fo  managed  that  the 
liquor  ihall  flightly  boil.  This  liquor  continues  black  till 
it  is  concentrated  to  a  certain  degree;  when  by  help  of  a 
ftrong  heat  which  it  then  acquires,  the  concentrated  acid 
acts  upon  the  inflammable  matter,  diflipates  it,  or  com- 
pletely burns  it.  The  liquor  in  the  retort  becomes  gra- 
dually clearer,  and  at  length  perfectly  white  and  transpa- 
rent. If  this  acid  has  alfo  the  requiiite  degree  of  concen- 
tration, the  operation  is  finifhed  when  the  liquor  thus  be- 
comes perfectly  white  and  tranfparent.  The  retort  muft  be 
left  in  the  fand-bath  till  it  is  cold,  and  then  the  acid  is  to  be 
poured  into  a  clean,  dry,  cryftal-glafs  bottle  ;  becaufe  the 
fmalleft  piece  of  inflammable  matter  i?  capable  of  phlo- 
gifticating  and  blackening  rectified  vitriolic  acid ;  and  be- 
caufe any  moifture,  befides  weakening  the  acid,  might  occa- 
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fion  fuch  heat  as  to  break  the  bottle.  When  the  acid  is 
poured  into  the  bottle,  the  neck  of  this  bottle  ought  to  be 
wiped  dry,  and  clofed  by  a  glafs  {topper,  accurately  fitted 
and  well  wiped.  The  mouth  of  the  bottle  ought  alio  to  be 
guarded  from  duft  by  being  covered  with  leather. 

The  phlegmatic  or  fulphureous  liquor,  which  patted  over 
into  the  receiver,  is  called  Spirit  of  Vitriol.  It  is  clear  and 
white,  and  may  be  ufed  in  many  operations  where  concen- 
trated vitriolic  acid  is  not  requifite,  or  it  may  be  concentrated 
and  reclined. 

CONCENTRATION  */ VINEGAR  ^CON- 
GELATION. Vinegar  produced  by  the  acetous  fer- 
mentation is  a  vegetable  acid  much  ufed  in  chemiftry. 
As  this  acid  Is  mixed  with  much  extractive  matter  and  fuper- 
abundant  water,  chemifts  have  endeavoured  to  render  it 
more  pure  and  ftrong. 

It  may  eafily  be  difengaged  by  a  fingle  diftillation  from 
almoft  all  its  extractive  matter;  fee  Vinegar  (distilled)  ; 
but  it  cannot  fo  eafily  be  deprived  of  its  fuperabundant 
water.  If  vinegar  be  diftilled  with  intention  to  concentrate 
it,  as  vitriolic  acid  is,  the  moft  watery  and  leaft  acid  part 
would  always  rife  firft ;  Silt  the  operation  would  fucceed 
very  imperfectly,  becaufe  tJjis  acid  is  almoft  as  volatile  as 
water.  To  procure  the  concentration  of  vinegar,  other 
expedients  muft  be  ufed.  Che*mif>s  have  difcovered  feveral 
which  fucceed  well.  For  inftance,  by  combining  this  acid 
with  fixed  matters,  fuch  as  fixed  alkalis  and  metals,  and 
afterwards  fubjecting  to  diftillation  the  falts  refulting  from 
fuch  combinations,  a  very  concentrated  acid  of  vinegar  is 
obtained,  called,  -  Radical  Vinegar.  S>*  upon  this  fubjeft 
Terra  Foliata  Tartari,  Salt  of  L.sad,  Crystals 
cf  Verdigrtse,  *W  Vinegar  (Radical).-  We  proceed 
here  to  defcribe  another  method  of  concentrating  vinegar, 
by  which  indeed  it  .cannot  be  fo  much  dephleg:mated  as  by 
the  preceding  methods.,  but  it  is  much  more  li/nple,  and 
has  feme  peculiar  advantages.  The  method  is  angeled  by 
congelation,  or  freezing. 

Stabl  feems  to  be  the  fnfr.  who  employed  this  me^a- 
Since  which  time  Mr.  Geoifroy  has  made  many  experi- 
ments on  this  fubjecr,  a  relation' of  which  Is  to  be  found  i'O 
the  Memoirs  of  the  Academy  fox  the  year  1739. 

As  acids  refrft  congelation  much  more  than  water,  if 
vinegar  be  expofed  ro  a  cold  fufficient  to  fink  the  mercury 
of  Mr.  Reaumur's  thermometer  eight  x>r  if.n  degrees  below 
the  figure  0*  a  coufiderable  quantity  of  ice  will  be  formed. 
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This  ice,  being  feparated  from  the  reft  of  the  unfrozen 
liquor,  confifts  of  fcarcely  any  thing  but  pure  water ;  and 
the  unfrozen  liquor  is  a  much  ftronger  vinegar.  By  expo- 
fing  again  this  vinegar  to  another  and  ftronger  froft,  more 
.ice  is  formed  in  it,  lets  ha  d  than  the  firft  ice,  and  fome- 
what  refembling  fnov/j  becaufe  it  contains  a  certain  quan- 
tity of  unfrozen  acid  ;  and  may  therefore  be  fet  afide  for 
the  extraction  of  this  acid*  The  acid  remaining  after  the 
fecond  congelation  is  greatly  ftronger.  This  concentra- 
tion of  vinegar  may  be  much  encreafed  by  repeating  the 
congelation  with  greater  cold.  Mr.  Geofrroy  relates  in 
the  quoted  memoir,  that  vinegar  which  has  been  already 
concentrated  by  frofts  of  preceding  years,  and  e  ght  pints 
of  which  had  been  reduced  to  two  pints  and  a  half  by  the 
froft  of  January- 29,  1739)  was  at  length  fo  much  concen- 
trated, that  two  drams  of  this  vinegar,  the  faturation  of 
which  before  thefe  concentrations  would  have  required  fix 
grains  of  fait  of  tartar,  did  now  require  forty-four  grains 
for  that  purpofe. 

Stahl  allures  us,  that  wine  may  be  well  concentrated 
by  the  fame  method.  He  fays,  that  he  expofed  to  froft 
different  kinds  of  wine,  and  that  he  had  procured  by  this 
means  two  thirds,  or  three  quarters  of  pure  phlegm. 

Wines  thus  concentrated  had  a  thick  confiftence,  were 
Very  ftrong*  and  were  preferved  without  change  many 
years,  in  places,  when-  the  free  accefs  of  air,  alternately 
hot  and  cold,  according  to  the  feafons,  would  have  foured 
or  fpoiled  any  other  wine  in  a  few  weeks.  The  general 
opinion  that  wines  are  fpoiled  and  entirely  weakened  by  froft 
proceeds  undoubtedly  from  the  ice  not  being- taken  off,  but 
left  to  mix  again  with  the  wine  when  it  thaws.  Perhaps 
alfo  fome  delicate  wines  are  confiderably  altered  by  froft. 

Wallerius  fays,  that,  in  the  northern  countries,  cold  is 
fuccefsfully  ufed  to  concentrate  fea-water,  and  to  appro- 
ximate the  particles  of  fait,  by  feparating  the  ice  as  foon 
as  it  is  formed,  and  which  is  little  elfe  but  pure  water. 

We  might  be  induced  to  believe  that  the  mineral  acids 
might  be  concentrated  by  congelation,  as  indeed  th?y  might 
be,  if  they  were  mixed  with  a  very  great  quantity  of  water  : 
but  their  adhefion  to  water  is  fo  ftrong,  that  they  cannot  be 
much  concentrated  by  this  method. 

CONDENSATION.  By  the  condenfation  of  a 
body  we  ought  to  underftand  the  approximation  of  its  in- 
tegrant parts,  lb  that  it  occupies  a  fmaller  fpace,  and  that 
its  fpecific  gravity  is  augmented,  without  the  lofs  of  any 
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heterogeneous  matter.    For  inftance,  air,  forced  by  com— 
predion  to  confine  itfelf  within  a  narrower  fpace,  is  to  be 
confidered  as  condenfed. 
CONE,  (u) 

CONTRAYERVA.  (x) 
COPAL,  (y) 

COPPER.  Copper,  called  alfo  by  chemifts  Venus ,  is 
an  imperfect  metal  of  a  red  fhining  color.  It  is  harder, 
more  elaftic  and  fonorous,  but  a  little  lefs  ductile  than  filver. 
It  is  neverthelefs  conliderably  ductile,  and  may  be  drawn 
into  wire  as  fine  as  hair,  or  beaten  into  leaves  almoft  as  thin 
as  thofe  of  filver. 

(a)  Cone  (Meltikg).  This  is  a  hollow  cone  formed  of 
copper  or  of  brafs,  with  a  handle,  and  with  a  flat  bottom  adjoin- 
ing to  the  apex  of  the  cone,  upon  which  it  is  intended  to  reft.  Its 
ufe  is  to  receive  a  mafs  of  one  or  more  metals  melted  together  and 
poured  into  it.  This  mafs  when  cold  may  be  eafily  lhook  out  of 
the  cone,  from  the  figure  of  the  vefTel.  Alfo  if  a  melted  mafs, 
confining  of  two  or  more  metals,  or  other  fubftances  not  combin- 
ed together,  be  poured  into  this  veflfel,  the  conical  figure  facilitates 
the  feparation  of  thefe  fubftances  according  to  their  refpective  den- 
fities.  The  cone  ought  to  be  well  heated  before  the  melted  mafs 
is  poured  into  it,  that  no  moifture  may  be  contained,  by  which 
a  dangerous  explolion  might  be  occalioned.  It  ought  alfo  to  he 
greafed  internally  with  tallow,  to  prevent  the  adhefion  of  the  fluid 
matter. 

(x)  Contr a yerva.  The  leaves  of  this  plant  are  faid  to  af- 
ford a  poifon  employed  by  Indians  for  poifoning  arrows,  to  which 
poifon  the  root  of  the  faid  plant  is  faid  to  be  an  antidote.  From 
an  ounce  of  the  root  Neuman  extracted,  with  water,  three  drams 
and  half  a  fcruple ;  and  from  the  fame  quantity,  with  fpirit  of 
wine,  five  fcruples  and  two  grains. 

(y)  Copal,  improperly  called  gum  copal,  is  a  hard,  fhining, 
tranfparent,  citron-colored,  odoriferous,  concrete  juice  of  an 
American  tree,  but  which  has  neither  the  folubility  in  water 
common  to  gums,  nor  the  folubility  in  fpirit  of  wine  common  to 
refins,  at  leaft  in  any  confiderable  degree.  By  thefe  properties  it 
refembles  amber.  It  may  be  diflblved  by  digeftion  in  linfeed  oil, 
with  a  heat  very  little  lefs  than  fuflicient  to  boil  or  decompofe 
the  oil.  This  folution,  diluted  with  fpirit  of  turpentine,  forms 
a  beautiful  tranfparent  varnifti,  which,  when  properly  applied, 
and  flowly  dried,  is  very  hard  and  very  durable.  This  varnim 
is  applied  to  InufF-boxes,  tea-boards,  and  other  utenfils.  It  pre- 
ferves  and  gives  luftre  to  paintings,  and  greatly  reftores  the  de- 
cayed colors  of  old  pictures  by  filling  up  the  cracks,  and  render- 
ing the  furfases  capable  of  refle&iag  light  more  uniformly. 
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The  tenacity  of  the  parts  of  this  metal  is  very  confider- 
able,  fince  a  copper  wire,  the  diameter  of  which  is  a  tenth 
part  of  an  inch,  is  capable  of  fupporting  a  weight  of  299' 
pounds  without  breaking. 

Copp  r  weighed  by  the  hydroftatical  balance  lofes  in  water 
about  an  eight  or  a  ninth  part  of  its  weight  (z).  It  has  a 
very  fingular  and  diiagreeable  fmell  and  tafte.  It  cannot  be 
fufed  without  a  violent  degree  of  heat  fufficient  to  make  it 
white. 

Copper,  being  an  imperfect  metal,  may  be  burnt,  de- 
stroyed, and  calcined  by  the  united  action  of  fire  and  air : 
for  which  reafon  its  quantity  is  always  diminifhed  by  melt- 
ing it  without  covering  its  furface. 

When  it  is  expofed  to  a  great  fire  with  free  accefs  of 
air,  it  fmokes,  lofes  part  of  its  weight,  and  communicates 
to  flame  beautiful  green  and  blue  colors. 

It  refifts  more  than  any  other  imperfecl:  metal  the  action 
of  fire  before  it  fufFers  any  confiderable  alteration.  When 
a  clean  and  polifhed  copper  plate  is  gently  and  gradually 
heated,  its  furface  is  covered  with  all  the  colors  of  the 
rainbow.  This  appearance  proceeds  from  the  develope- 
ment,  and  the  different  ftates  of  the  phlogifton  of  the 
metal,  (a) 

When  this  metal  is  expofed  to  red  heat  with  contact  of 
air,  its  furface  becomes  quickly  tarnifhed,  and  its  metallic 
luftre  is  changed  into  a  dark  and  earthy  appearance;  and 
if  this  haat  be  continued  during  a  certain  time,  the  furface 
of  the  metal  is  burnt  and  deftroyed ;  fo  that  when  it  cools, 
it  is  found  to  have  no  longer  any  adhefion  with  the  un- 
calcined  copper,  but  to  be  feparated  in  fcales  from  the 

(2)  The  fpecific  gravity  of  European  copper  is  to  that  of  water 
as  8843,  and  of  Japanefe  copper  as  9000  to  1000. 

(a J  All  calcinable  metals  are  fubjeft  to  receive  thefe  colors  or 
irifes  by  heat  ;  and  from  the  color  of  any  part  of  a  piece  of  metal  we 
may  difcover  what  degree  of  heat  has  been  applied  to  that  part,  as 
the  fame  degree  of  heat  always  gives  the  fame  color  to  the  fame 
metal :  hence  artitts,  by  obferving  the  colors  acquired  by  Iteel  ex- 
pofed to  fire,  are  enabled  to  apply  to  pieces  of  that  metal  the  pre- 
cife  degree  of  heat  which  they  have  found  by  experience  to  produce 
the  required  hardnefs,  in  the  operation  of  tempering  fteel.  The 
irifes,  or  different  colors  given  to  different  parts  of  one  piece  of 
metal,  are  occafioned  by  the  heat  being  unequally  applied. 
Thefe  colors  are  produced  by  a  more  or  lefs  perfect  calcination  of 
the  furface  of  the  metal  expofed  to  heat. 
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difference  or  the  contraction,  occafioncd  by  cooling,  upon 
the  uncalcined  copper,  and  upon  its  burnt  furface. 

When  this  furface  is  fepaiated,  the  copper  beneath  it 
feemscccm  and- mining ;  but  it  will  foon  fuffer  the  fame 
fcfoang  ■  as  the  former,  if  it  be  again  heated;  and  thus  a 
piec  -  of  copper  may  be  entirely  reduced  to  fcales  no  longer 
bofleffed  of  brilliancy,  ductility,  or  other  metallic  pro- 
perties, and  which  are  called  burnt  copper. 

This  calcines  copper  is  lefs  fufible  than  copper  in  its 
metallic  ftate  :  when  cxpofed  to  a  great  fire,  but  a  very  fmall 
quantity  of  copper  is  obtained  from  it ;  the  reft  of  it  is 
ch?-!g"d  into  a  dark  and  opake  vitrified  fcoria;  except  the 
fcales  have  been  mixed  with  feme  matter  capable  of  reftoring 
to  them  phiogjfton  ;  in  which  latter  cafe  a  quantity  of  mal- 
leable copper  is  obtained  nearly  equal  to  that  of  the  fcales  I 
employed.    See  Reduction  ^Metals. 

Thefe  copper  fcales,  which  are  at  firft  but  imperfectly 
calcined,  may  be  entirely  deprived  of  phlogiflon  and  of  their  1 
metallic  properties  by  a  'fecond  calcination  under  a  muffle 
continued  fuffcientiv  long. 

Copper  is  alfo  affected  by  the  combined  action  of  air 
and  water  :  hence  its  furface  is  apt  to  tarnifh,  and  even  tq 
be  covered  with  a  green  ruft,  called  -verdegrife. 

This  ruft  is  copper  partly  decompofed,  and  deprived  of 
part  of  its  inflammable  principle ;  for  it  cannot  be  melted 
into  copper  without  much  lofs,  excepting  its  phlogiflon  be 
reftored  by  feme  reductive  flux.  Thefe  are  alterations  to 
which  all  the  imperfect  metals  are  fubject.  See  Metals 
(Imperfect). 

This  metai  is  eafily  foluble  by  all  acids,  and  its  folutions 
are  green  or  blue,  (b) 

Vitriolic  acid,  although  the  flrongeft  of  all,  diffolves 
copper  more  difficultly  than  any  other :  it  muft  be  con- 
centrated and  affifted  by  ccnliderable '  heat  and  time  to  dif- 
folve  this  metal.  From  this  foluticn  refults  a  neutral  fait, 
which  forms  beautiful  blue  cryftals,  called  blue  vitriol,  or 
vitriol  of  copper.    See  thefe  ivords. 

Nitrous  acid  diffolves  copper  very  quickly  with  violence 
and  effervefcence  3  and  during  the.  folution  it  takes  from  the 

(b)  Solutions  of  copper  in  vitriolic  acid,  vegetable  acid,  oil, 
or  water,  art  green  ;  that  in  marine  acid  is  at  firft  brown  or  yel- 
low, and  becomes  afterwards  green  ;  and  that  in  aqua  fortis  is 
of  a  bluilh-green  color  :  volatile  or  fixed  alkalis  make  the  folu- 
tions of  copper  in  acids  blue  :  a  folution  of  copper  in  volatile  al- 
kali, expofed  to  air,  is  blue. 
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metal  part  of  its  phlogifton.  The  nitre  formed  by  this 
lblution  is  a  very  deliquefcent  fait.  The  falts  formed  by 
marine  acid  or  by  aqua  regia  with  copper  are  alfo  very  deli- 
quefcent. 

Vegetable  acids,  and  particularly  thofe  of  wine  and  of 
vinegar,  may  be  eafily  united  with  copper.  The  former 
acid  forms  with  it  the  v».Tdegrife  ufed  in  painting  (See  Ver- 
decrise)  ;  and  the  fecond,  when  faturated,  forms  the  fait 
called  ayftals  of  verdegrife^  or  cryjial  of  Venus.  See  Cry- 
stals of  Verdegrise. 

All  acids  united  with  copper  may  be  feparated  from  it 
without  any  intermediate  fubftance,  and  merely  by  fire. 

Calcareous  earths,  fixed  and  volatile  alkalis,  feparate 
copper  from  any  acid,  and  precipitate  it  in  form  of  a  beau- 
tiful green  powder.  The  color  of  thofe  precipitates  or 
copper  is  caufed  by  a  portion  of  the  falts  which  remain 
united  with  them.  As  the  metal  thus  diflblved  and  pre- 
cipitated has  loft  part  of  its  phlogifton,  particularly  when 
it  has  been  diflblved  by  vitriolic  and  nitrous  acids,  thefe 
precipitates  of  copper  cannot  be  melted  into  malleable 
copper  without  addition  of  phlogifton  :  but  if  they  be 
melted  with  glafTes,  or  vitrefcible  matters,  and  the  fire  be 
properly  managed,  they  communicate  their  colors  to  thefe 
fubftances  :  hence  they  may  be  applied  to  imitate  precious 
ftones  of  a  green  color,  or  nearly  green,  as  the  emerald, 
and  beryl  or  aqua  marina,  and  for  feveral  (hades  of  painting 
upon  pottery  and  porcelain. 

Some  metallic  matters,  which  have  a  ftronger  affinity 
than  copper  has  to  acids,  are  therefore  capable  of  precipi- 
tating this  metal  from  its  feveral  folutions.  Iron  particu- 
larly has  this  property ;  for  which  reafon,  if  it  be  added  to 
a  faturated  folution  of  copper  in  an  acid,  it  will  be  attacked 
and  diflblved  by  this  acid,  and  it  will  precipitate  the  copper; 
and  thus  the  lblution  of  copper  is  changed  into  a  folution 
of  iron.  While  this  happens,  a  remarkable  phenomenon 
appears  :  the  copper  thus  precipitated  is  in  its  metallic  ftate 
and  brilliancy.  This  effedt,  which  feems  to  be  general 
whenever  a  metallic  matter  is  feparated  from  an  acid  by 
means  of  another  metallic  matter,  can  only  happen  becaufe 
the  precipitating  metal  feparates  entirely  and  exactly  all  the 
acid  from  the  precipitated  metal,  which  earths  and  alkalis 
feem  incapable  of.  doing ;  and  becaufe  the  precipitating 
metal  fupplies  enough  of  phlogifton  to  the  acid,  to  prevent 
the  acid  from  retaining  the  phlogifton  of  the  precipitated 
metal,  which  earths  and  alkalis  are  alfo  incapable  of  doing. 
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However  that  be,  this  precipitation  of  copper  in  its 
metallic  ftate,  by  the  intervention  of  iron,  is  capable  of 
impofing  upon,  and  actually  has  impofed  upon  perfons 
ignorant  of  chemiftry  ;  who,  perceiving  that  a  piece  of  iron, 
dipt  into  a  hquor  in  which  they  fufpedted  no  copper,  be- 
came covered  over  with  copper,  imagined  that  this  liquor 
had  the  property  of  changing  iron  into  copper. 

This  property  which  iron  has  of  feparating  copper  from 
acids  has  been  applied  to  ufe.  In  England,  the  water  in  a 
copper  mine  is  impregnated  with  a  great  quantity  of  blue 
vitriol,  and  from  which  much  copper  is  extracted  by  means 
of  iron  immerfed  in  it.  In  Germany  fome  copper  ores  are 
fo  pvritous,  that  they  cannot  be  advantageoufly  treated 
by  ordinary  fufions,  but  are  reduced  into  vitriol,  and  by 
means  of  the  iron  which  is  put  into  the  lixivium  of  this 
vitriol,  called  cement  water,  a  confiderable  quantity  of  copper 
is  obtained,  which  would  otherwife  be  loft.  See  Ores, 
Pyrites,  #WVitriols. 

Copper  produces,  with  refpecr.  to  mercury  and  filver  dif- 
folved  in  acids,  the  fame  effects  which  itfelf  fuffers  from 
iron  ;  that  is,  it  feparates  thefe  metals  fo  exactly  from  the 
acids  with  which  they  are  united,  that  they  appear  with 
their  metallic  luftre. 

This  property  of  copper  is  employed  to  obtain  filver  dif- 
folved  by  fpirit  of  nitre  in  the  operation  of  parting.  This 
filver  is  generally  very  pure. 

If  a  very  clean  plate  of  copper  be  immerfed  in  a  folution 
of  mercury,  particularly  if  this  folution  have  an  excefs  of 
acid,  it  will  be  very  foon  covered  over  with  mercury,  which 
adheres  to  it,  and  which,  when  wiped  and  warned,  makes 
a  very  white  and  brilliant  filvering.  This  alfo  is  one  of  the' 
experiments  which  exhibit  an  appearance  of  tranfmutation 
capable  of  aftoniming  thofe  who  are  ignorant  of  chemiftry. 
Every  day  credulous  perfons  are  deceived  by  tricks  no 
better  than  this. 

No  metal  is  more  foluble  than  copper.  It  is  acted  upon 
bv  almoft  all  faline  and  metallic  fubitances,  and  probably 
for  this  reafon  ancient  chemifts  have  called  it  Venus,  con- 
fidering  it  as  proftituted  to  all  fubftances. 

Fixed  and  volatile  alkalis  eafily  dilfolve  copper,  either 
directly,  or  ftill  better  if  it  has  been  previoufly  dilfolved 
in  acids.    See  Alkalis  (Fixed  and  Volatile). 

Moil  neutral  falts  corrode  its  furface,  and  reduce  it  into 
verdegrife.  The  fame  effecT:  is  produced  by  all  oils  and  fat 
matters,  from  the  latent  acid  which  they  contain. 

Sulphur 
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Sulphur  has  conlidcrable  action  upon  copper,  and  even 
has  a  greater  affinity  with  it  than  with  any  other  metal 
excepting  iron  :  hence  copper  may  be  leparated  from  almoft 
all  metals  by  means  of  fulphur,  which  alfo  renders  it  much 
more  fufible.  Copper  is  formed  into  a  mineral  or  pyritous 
ftate  by  union  with  fulphur  ;  and  if  this  compound  be 
expofed  to  iire,  fo  that  the  fulphur  fhall  be  burnt,  its  acid 
'      will  acl:  upon  the  copper,  and  reduce  it  to  blue  vitriol. 

Copper  may  be  eafily  united  with  all  metals  and  femi- 
metals,  and  with  them  forms  allays  ;  of  which  fee  the  detail 
at  the  articles  Allay,  Bronze,  Tombac,  and  Similor. 

As  this  metal  is  combuftible,  it  may  be  feparated  from 
the  perfect  metals  by  calcination,  which  is  accelerated  by 
means  of  lead,  as  in  refining  ;  or  by  nitre,  which  generally 
much  accelerates  the  calcination  of  all  combuftible  bodies  ; 
fo  that  by  repeated  projections  of  nitre  upon  melted  gold 
and  filver  allayed  with  copper,  the  nitre  burns  the  phlogif- 
ton  of  the  copper,  and  reduces  this  metal  into  a  fcoria 
which  floats  upon  its  furface  :  but  the  nitre  muft  be  added 
gradually,  and  but  a  little  at  a  time,  particularly  if  much 
copper  be  in  the  allay,  becaufe  the  detonation  which  it 
occafions  is  fufficient  to  diffipate  fome  of  the  perfect  metals. 
See  Nitre. 

The  affinities  of  copper,  according  to  Mr.  Geoffroy,  are 
mercury  and  lapis  calaminaris,  or  rather  zinc  ;  and  accord- 
ing to  Mr.  Gellert,  gold  and  filver.  (c) 

COPPER  (WHITE).  White  copper  is  an  allay  of 
copper,  zinc,  and  arfenic,  in  certain  proportions,  and  is 
white  as  filver.  The  precife  proportions  cannot  be  eafily 
determined,  and  the  allay  cannot  without  difficulty  be 
made,  becaufe  of  the  volatility  of  the  two  femi-metals. 
Neverthelefs,  a  very  beautiful  and  filver-like  white  copper 
is  made  by  fome  artifts,  who  carefully  conceal  their  me- 
thod of  preparation. 

As  this  allay  is  not  much  ufed,  from  its  very  noxious 
quality,  chemifts  have  not  confidered  it ;  otherwife  any  of 
them  who  knew  the  management  of  metals  might  probably 
difcover  it. 

(c)  Wallerius  fays,  that  if  a  mixture  of  calx  of  copper  and  fal 
ammoniac  be  expofed  during  a  certain  time  to  air,  from  that  mafs, 
by  diftillation  with  foap,  mercury  may  be  obtained  ;  whence  he 
infers,  that  either  mercury  is  a  component  principle  of  copper, 
or  that  at  Ieaft  fome  part  of  the  copper  is  convertible  into  it. 

The 
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The  medicinal  virtues  of  copper  are  treated  of  under  the 
article  Brass. 
CORAL,  (d) 
CORK,  (e) 

CORK  (rOSSIL).  (f) 

CREAM.  This  name  is  applicable  to  all  fubftances 
which  feparate  from  a  liquor,  and  collect  upon  its  furface; 
but  it  is  particularly  given  to  the  following  fubftances  : 

CREAM  of  LIIVIE.  The  cream  of  lime  is  that  mod  at-, 
tenuated  part  of  quicklime,  and  moft  approaching  to  a  faline 
irate,  which  is  diflblved  by  .water  with  which  quicklime  is 
Haked,  or  even  in  which  flaked  lime  is  boiled.  This  matter 
feparates  from  lime-water  by  crystallization  during  the  eva- 
poration of  the  water  ;  and  as  water  only  evaporates  at  its 
furface,  this  earthy  cryftallization  is  alfo  formed  there.  It 
forms  a  femi-tranfparent  pellicle,  which  becomes  thicker 
and  thicker  till  it  feparates  into  pieces,  and  falls  to  the  bot- 
tom by  its  weight  in  form  of  fcales.  The  cream  of  iime  has 
the  fame  properties  as  flaked  lime  has.   See  Quick-lime,  (g ) 

CREAM 

(d)  Coral  and  Coralline  are  {hells  of  marine  animals  of  the 
polypus  kind,  and  pofiefs  the  fame  chemical  properties  as  the  frefh 
fh ells  of  oy tiers  and  other  Ihell-f.fti.thatis,  they  are  calcareous  earths 
impregnated  with  fome  animal  principles.  See  Earths  (Cal- 
careous). From  fixteen  ounces  of  coral,  Neuman  obtained  by 
dillillation  fix  fcruples  of  a  volatile,  alkaline,  oily  fpirit,  two  or 
three  grains  of  empyreumatic  oil,  and  a  refiduum  containing  five 
icruples  and  a  half  of  fixed  fait,  probably  )ea-falt.  The  quan- 
tities of  thefe  component  parts  were  found  to  vary  according  to 
the  fremnefs  of  the  prai  analifed. 

(<?)  Cork  is  the  bark  of  a  tree  of  the  oak  kind,  which  grows 
in  the  fouthern  parts  of  Europe.  From  an  ounce  of  cork  Neu- 
man extracted,  by  boiling  in  wacer,  two  fcruples ;  and  from  the 
fame  quantity  he  obtained,  by  digeilion  in  lpirit  of  wine,  two 
icruples  and  two  grains. 

{/).  Cork  (Fossil),  Suber  menfanum.  This  name  is  given  to 
a  ftone  which  is  a  fpecies  of  amianthus,  confifttng  of  flexible 
fibres  loofely  interwoven,  and  fomewhat  refembling  vegetable 
cork.  This  is  the  lighten:  of  all  Hones.  By  fire  it  is  fufible, 
and  forms  a  black  glais.  It  poilefles  the  general  properties  of 
amianthus.    See  Amianthus. 

(g)  Cream  of  lime  is  very  different  from  flaked  quick- lime. 
The  latter  fubftance  is  calcareous  earth  deprived  of  its  gas,  or 
fixable  air,  and  combined  with  water  :  it  is  cauftic,  foluble  in 
water,  and  pofiefies  all  the  properties  of  quick-lime,  from  which 
it  differs  only  in  containing  a  quantity  of  water.    Cream  of  lime 
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CREAM  of  MILK.  This  is  the  moft  oily  part  of 
milk  j  v/hich  being  naturally  only  mixed,  and  not  dillblved 
in  milk,  and  being  fpecifically  lighter  than  the  other  parts, 
Separates  from  them  by  reft,  and  collects  on  the  furface  of 
the  milk,  from  which  it  is  generally  fkimmtd  to  complete 
the  difengraorcment  of  the  oily  from  the  cafeous  and  lerous 
parts,  that  is,  to  make  it  into  butter.  See  Butter  and 
Milk. 

Cream  of  milk,  which  is  generally  called  fimply  creamy 
is  not  only  an  agreeable  aliment  when  recent,  but  is  alfo 
ufeful  in  medicine  as  a  lenient,  when  applied  to  tetters  and 
erifipelas  accompanied  with  pain,  and  proceeding  from  an. 
acrid  humor. 

CREAM  of  TARTAR.  Cream  of  tartar  is,  pro* 
perly  fpeaking,  that  part  of  the  concrete  acid  of  tartar 
which  cryftallizes  firft,  forming  a  pellicle  on  the  furface 
of  water  in  which  tartar  has  been  boiled,  with  intention  to 
purify  it,  and  to  feparate  from  it  its  moft  faline  part.  Thus 
this  fubftance  called  cream,  from  its  manner  of  formation, 
does  not  effentially  differ  from  the  cryftals  of  tartar  which 
are  formed  in  the  liquor  ;  and  thefe  cryftals  are  according- 
ly, as  well  as  the  faline  pellicle,  generally  called  cream  of 
tartar,  thefe  two  matters  being  confounded  together  by  one 
name,  from  which  no  inconvenience  relults.    See  Tartar. 

crimson,  m 

CROCUS.  This  Latin  word,  fignifying  faffron,  has 
been  applied  as  a  name  to  earths  of  certain  metals,  which 
in  color  fomewhat  refemble  faffron  :  fuch  particularly  are 
the  earths  of  iron  and  of  copper,  each  of  which  is  there- 
fore called  crocus,  the  firft  being  the  crocus  of  mars  or  of 
iron,  and  the  fecond  the  crocus  of  copper;  but  the  word 
faffron  is  more  commonly  employed,  and  particularly  ap- 
plied to  the  earth  of  iron.    See  Saffron. 

is  calcareous  earth,  which  having  been  deprived  of  its  gas  by  cal- 
cination, and  d;  Halved  by  water,  is,  by  expofure  to  air,  again 
combined  with  gas  ;  by  which  it  is  rendered  mild,  cryftallizable, 
unfoluble  in  water,  and  reltored  to  its  original  ftate  before  cal- 
cination.   See  Gas. 

{b)  Crimson.  A  crimfon  color  maybe  given  to  filks  and 
woollen  cloths  by  cochineal.  See  Cochineal.  A  lefs  durable 
crimfon  may  be  given  by  Brazil  wood.  For  the  color  called  by 
dyers  demi  crimfon,  the  root  of  madder  is  mixed  with  cochineal. 
See  Red  and  Dying. 

CRUCIBLE. 
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CRUCIBLE,  (i) 

CRYSTAL.  Cryftal,  called  alfo  roch-cryJialy  or  natu- 
ral cryftal^  is  a  hard,  tranfparent  ftone,  of  the  figure  of  a 
prifm  with  fix  faces,  which  is  terminated  at  each  of  its  ex- 
tremities by  hexagonal  pyramids. 

The  moll  beautiful  rock-cryftal  is  that  which  is  perfect- 
ly clear,  white,  and  tranfparent.  It  is  frequently  cut ; 
and  luftres,  vafes,  and  toys  are  made  of  it,  as  of  other 
beautiful  ftones.  Rock-cryftals,  like  the  precious  ftones, 
are  of  all  colors ;  and  they  receive  their  color,  as  the  pre- 
cious ftones  do,  from  metallic  and  phlogiftic  fubftances. 
Some  of  them  are  brown,  and  almoft  black  ;  thefe  may 
be  rendered  white  and  tranfparent,  by  making  them  red- 
hot,  which  muft  be  done  very  gently  and  gradually,  to 
prevent  their  cracking,  which  they  are  very  apt  to  do  as 
well  as  other  verifiable  ftones.  See  Earth  (Vitrifi- 
able.  (k) 

CRYSTAL 

(i)  See  Pottery. 

{k)  Cryflal,  rock-cryjlal,  or  quartz-cryflal,  is  a  tranfparent- 
ftone  of  the  clafs  of  earths  called  by  fome  iiliceous,  and  by  others 
verifiable.  Its  form  is  that  of  an  hexagonal  prifm,  one  or  both 
ends  of  which  are  terminated  by  hexagonal  pyramids.  Some  of 
them  confift  of  thefe  two  pyramids  joined  together  at  their  bafes, 
without  any  prifm  interpoied.  Cryftal  is  frequently  found  ad- 
hering to  quartz ;  and,  according  toCronftedt,  it  is  nothing  but 
quartz,  which  he  arfirms  always  aflumes  this  hexagonal  form, 
when  its  accretion  or  cryilallization  has  not  been  interrupted* 
Cryftals  are  either  colcrlefs,  or  colored.  Thofe  which  are  red 
are  called  falfe  rubies  ;  the  violet  colored,  falfe  ametbyfts,  or,  ac- 
cording to  Cronftedt,  the  true  amttkyfts  ;  the  yellowifh-red,  falfe 
hyacinths  ;  the  blue,  falfe  fapbirs  ;  yellow,  falfe  topazes  \  the 
greenifh-yellow,/^  cbryfolites  ;  the  green ,  falfe  emeralds ;  the  fea- 
green,  falfe  beryls.  Some  cryftals  are  dufky,  brown,  or  blackifti, 
but  ftill  tranfparent.  Cryftals  pofiefs  the  general  properties  of  the 
earths  called  verifiable.  See  Earths  (Vitrif i  able).  Color- 
lefs  cryftals  refift  the  moft  violent  and  long  continued  fires. 
See  Mr.  D'Arcet  upon  Vitrification^  in  the  Memoirs  of  the  Acade- 
my of  Sciences,  for  1776.  Molt  of  the  colored  cryftals  are  fufible 
by  violent  fire.  They  probably  receive  this  fufibility,  as  well  as 
their  color,  from  metallic  fubftances.  Colorlefs  cryftals  may  be 
tinged  with  various  colors,  fo  as  to  imitate  precious  ftones.  For 
this  purpofe,  Neri,  in  his  Art  of  making  Glafs,  directs  that  pieces 
of  clear  cryftal  mould  be  laid  upon  a  mixture  of  four  parts  of  orpi- 
ment,  four  parts  of  crude  antimony,  and  one  part  of  fal  ammo- 
niac, placed  in  a  crucible,  to  which  another  crucible  inverted  is 

well 
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CRYSTAL  (FACTITIOUS).  The  word  cryftal 
has  been  applied  to  glades  produced  by  art,  which  from 
their  tranfparency  and  whitenefs  imitate  rock-cryftal.  In 
fact,  fome  are  made  as  beautiful  as  the  fineft  rock-cryftals, 
but  not  nearly  fo  hard.  The  heat  of  ordinary  vitrification 
feems  incapable  of  producing  glafs  as  hard  as  rock-cryftal ; 
nor  do  our  crucibles  feem  capable  of  fuftaining  the  requi- 
site heat,  if  it  could  be  raifed.  See  the  method  of  making 
cry/lal-glafs  at  the  words  Glass  and  Vitrification. 

CRYSTAL  (MINERAL).  Mineral  cryftal,  called 
alfo  Salt  of  Prunella y  is  melted  nitre  detonated  with  a  little 
fulphur,  and  caft  into  form  of  tablets. 

Nitre  is  one  of  the  neutral  falts  which  contains  the  leaft 
water  in  its  cryftallization,  or  which  lofes  the  leaft  water 
by  a  true  fufion,  and  is  alfo  one  of  the  moft  fufible  falts. 

To  make  mineral  cryftal,  very  pure  nitre  muft  be  pat 
into  a  clean  crucible,  and  quickly  fufed,  taking  care  that 
no  allies  or  coal  fall  in.  When  the  nitre  is  ruled,  it  is  to 
be  detonated  with  fulphur,  in  the  proportion  of  a  dram  of 
the  latter  to  a  pound  of  the  former.    It  is  then  to  be  poured 

well  luted  :  the  crucibles  are  to  be  placed  in  a  furnace,  and  fur- 
rounded  with  charcoal  :  after  heat  has  been  gradually  applied  till 
the  crucibles  become  red,  and  the  fire  extinguimed,  the  upper 
pieces  of  cryftal  will  have  acquired  a  fine  golden  color,  refembling- 
opals,  and  variegated  with  beautiful  {pots  :  the  lower  pieces  ot 
cryftal  will  have  acquired  a  fine  color,  refembling  that  of  the  fkins 
of  vipers.  He  gives  another  procefs,  in  which  he  directs  the  ce- 
menting mixture  to  be  compofed  of  two  parts  of  yellow  orpiment, 
two  parts  of  white  arfenic,  one  part  of  crude  antimony,  and  one 
part  of  fal  ammoniac.  He  directs  alfo,  that  no  bellows  or  ftrong 
current  of  air  Ihould  be  applied  to  the  fire,  by  which  he  fays, 
that  the  cryftals  are  apt  to  be  cracked,  probably  by  making  the 
heat  too  intenfe,  and  that  the  crucibles  Ihould  not  be  opened  till 
they  have  been  gradually  cooled.  Cryftals  thus  treated  refemble 
rubies,  opals,  agates,  turquois,  marbles,  chryfolites.  Mr.  Pott 
fays,  that  he  found  the  color  of  fome  cryftals  much  improved  by 
repeating-  the  operation.  Baptifta  Porta  directs,  that  cryftals 
Ihould  be  colored  by  keeping  them  immerfed  during  four  or  five 
hours  in  a  melted  mixture  of  fulphur,  crude  antimony,  orpiment, 
arfenic,  and.  tutty.  In  thefe  operations,  the  cryftals  feem  to  im- 
bibe fome  of  the  vapors  of  the  metallic  fubftances.  The  chief 
difficulties  feem  to  be  to  prevent  the  cracks  to  which  the  cryftals 
are  very  fubject  by  this  treatment,  and  to  procure  a  (ufrkient  pe- 
netration. Probably  both  thefe  purpofes  might  be  effected  by  a 
very  ftrift  attention  to  the  gradual  application,  and  to  the  main- 
tenance of  a  due  degree  of  heat, 

into 
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into  a  copper,  or  rather  a  filver  bafon,  in  which  it  is  to  be 
agitated  while  yet  fluid,  that  it  may  fix  in  form  of  cakes 
or  tablets. 

No  other  efFecl:  is  produced  upon  the  nitre  by  the  fmall 
quantity  of  fulphur  with  which  it  is  detonated,  than  to  in- 
troduce into  it  a  proportionable  quantity  of  vitriolated 
tartar,  called  Sal  Polychreji  of  GlaJ/cr.  In  all  other  refpects, 
chemical  and  medicinal,  mineral  cryftal  is  nitre,  and  may 
be  given  like  this,  from  four  grains  to  ten  or  twelve,  in  a 
quart  of  proper  drink.  It  is  cooling,  fedative,  aperitive 
and  diuretic.  This  preparation  then  feems  ufelefs,  fince 
the  fame  intentions  may  be  better  accomplifhed  by  well 
purified  nitre.    See  Nitre. 

CRYSTALLIZATION.  This  word  is  fometimes 
employed  to  fignify  fubftances  which  are  cryftallized,  or 
whofe  parts  are  fo  arranged  that  they  form  regular  figures. 
In  this  fenfe,  we  fay  Jiony  cry/iallizations,  pyritous  cryflalliza- 
tions,  &c. 

CRYSTALLIZATION  of  SALTS  and  of  other 
Subftances.  If  the  word  cryftallization  were  to  be  confined 
to  its  moft  proper  fenfe,  as  it  feems  to  have  been  former- 
ly, it  could  only  be  applied  to  operations  by  which  certain 
fubftances  are  difpofed  to  pafs  from  a  fluid  to  a  folid  ftate 
by  the  union  of  their  parts,  which  fo  arrange  them- 
felves  that  they  form  tranfparent  and  regularly  figured 
maiTes,  like  native  cryftal ;  from  which  refemblance  the 
word  cryftallization  has  evidently  been  taken. 

But  modern  chemifts  and  naturalifts  have  much  extend- 
ed this-expreffion,  and  it  now  fignifies  a  regular  arrange- 
ment of  the  parts  of  any  body  which  is  capable  of  it, 
whether  the  manes  fo  arranged  be  tranfparent  or  not* 
Thus  opake  ftones,  pyrites,  and  minerals,  when  regularly 
formed,  are  faid  to  be  cryftallized,  as  well  as  tranfparent 
ftones  and  falts. 

The  opacity  and  tranfparency  of  fubftances  are  juftly 
difregarded  in  confidering  whether  they  be  cryftallized  or 
not;  for  thefe  qualities  are  perfectly  indifferent  to  the  re- 
gular arrangement  of  the  integrant  parts  of  fubftances, 
which  is  the  eflential  object  of  cryftallization. 

This  being  eftablifhed,  cryftallization  ought  to  be  defined 
an  operation  by  which  the  integrant  parts  of  a  bo.iy,  fe- 
parated  from  each  other  by  the  interpolation  of  a  fluid,  are 
difpofed  to  unite  again  and  to  form  folid,  regular,  and  uni- 
form mafles. 

To 
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To  underftand  as  much  as  we  can  of  the  mcchanifm  of 
cr^iiallization,  we  muft  remark, 

1.  That  the  integrant  parts  of  all  bodies  have  a  tendency 
to  each  other,  by  which  they  approach,  unite,  and  adhere 
together,  when  not  prevented  bv  an  obftacle. 

2.  That  in  fimple,  or  little-compounded  bodies,  this  ten- 
dency of  integrant  parts  is  more  obvious  and  fenfible  than 
in  others  more  compounded  :  hence  the  former  are  much 
more  difpoled  to  cryftaliize. 

3.  That  although  we  do  not  know  the  figure  of  the 
primitive  integrant  molecules  of  any  body,  we  cannot 
doubt  but  that  the  primitive  integrant  molecules  of  every 
different  body  have  a  confrantly  uniform  and  peculiar 
figure. 

4.  That  thefe  integrant  parts  cannot  have  an  equal 
tendency  to  unite  indifcrimihately  by  any  of  their  fides, 
but  by  fome  preferably  to  others,  excepting  all  the  fides 
of  an  integrant  part  of  a  body  be  equal  and  fimilar;  and 
probably  the  fides,  by  which  they  tend  to  unite,  are  thofe 
by  which  they  can  touch  moft  extenfively  and  immediately. 
The  mofl  general  phenomena  of  cr)  utilization  may  be 
conceived  in  the  following  manner. 

Let  a  body  be  fuppofed  to  have  its  integrant  parts  fepi- 
rated  from  each  other  by  fome  fluid .  If  a  part  of  this  fluid 
be  taken  away,  thefe  integrant  parts  will  approach  toge- 
ther ;  and  as  the  quantity  of  intervening  fluid  diminifhes, 
they  will  at  laft  touch  and  unite.  They  may  alfo  unite,  when 
they  come  fo  near  to  each  other  that  their  mutual  tendency 
lhall  be  capable  to  overcome  the  diffance  betwixt  them. 
If,  befides,  they  have  time  and  liberty  to  unite  with  each 
other  by  the  fides  moft  difpofed  to  this  union,  they  will 
form  maffes  of  a  figure  confrantly  uniform  and  fimilar. 
For  the  fame  reafon,  when  the  interpofed  fluid  is  haftily 
taken  away,  fo  that  the  integrant  parts  fhall  be  approxi- 
mated, and  be  brought  into  contact  before  they  have  taken 
the  pofition  of  their  natural  tendencv,  then  they  will  join 
confufedly  by  fuch  fides  as  chance  prefents  to  them  ;  they 
will  in  fuch  circumfrances  form  foli'd  maiTef,  whofe  figures 
will  not  be  determinate,  but  irregular  and  various. 

In  every  cryffallization  all  that  we  have  defcribed  may  be 
obferved. 

If  cryftallization  be  taken  in  the  general  fenfe  we  have 
given  to  it,  ice  is  a  true  crystallization.'    Water,  for  in- 
stance, is  to  be  confidered  .  s  a  body  whofe  integrant  p-rts 
are  feparated  from  each  o.her  by  the  in'terpofition  of  the 
3  matter 
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matter  of  fire.  Melted  metals  are  alfo  to  be  confidered  irr 
the  fame  manner.  The  fluidity  of  thefe  bodies  is  to  be  at- 
tributed to  this  matter  of  fire,  with  which  thefe  bodies  are 
penetrated.  When  therefore  thefe  liquefied  bodies  cool7 
which  can  only  be  by  taking  away  this  igneous  matter 
that  penetrates  them  ;  if  the  approximation  of  the  in- 
tegrant parts,  which  is  a  necellary  confequence  of  this  cool- 
ing, be  made  fo  flowly  that  they  mall  have  time  and  liber- 
ty to  unite  by  the  fides  moft  difpofed  to  this  union,  they 
will  always  form  mafles  of  a  conftant  and  fimilar  figure. 

Thus  when  water  freezes  flowly,  and  is  not  agitated  by 
any  motion  which  can  difturb  the  order  in  which  the  in- 
tegrant parts  tend  to  unite,  it  forms  regular  cryftals  of  ice, 
and  always  of  the  fame  form. 

Thefe  cryftals  which  may  be  called  cryftals  of  water, 
are  long,  needle-like  mafTes,  flattened  on  one  fide,  joined 
together  in  fuch  a  manner  that  the  fmaller  are  inferted  into 
the  fides  of  the  greater ;  and  thus  thefe  compound  cryftals 
have  the  appearance  of  feathers,  or  of  leaves  of  trees. 

The  moft ,  remarkable  circumftance  attending  this  cryf- 
tallization  is,  that  the  angle  formed  by  the  infertion  of 
the  fmaller  needles  into  the  fides  of  the  larger  ones  is  al- 
ways of  the  fame  width,  that  is,  fixty  degrees.  However, 
it  is  fometimes  double,  that  is,  120  degrees  ;  but  it  is  con- 
Itantly  one  of  thefe  two  angles,  and  it  is  to  be  remembered 
that  thefe  angles  are  complements  to  each  other,  that  is, 
they  are  together  equal  to  two  right  angles.  We  are 
obliged  to  Mr.  Mairan  for  thefe  fine  obfervations,  which 
he  has  given  at  full  length  in  an  excellent  diflertation  on 
ice. 

Metal,  fulphur,  and  feveral  other  bodies  not  much  com- 
pounded, which  fix  and  become  folid  after  fufion,  aflume- 
always  a  regular  arrangement  whenever  they  are  flowly 
enough  cooled  for  that  purpofe.  The  ftar  of  the  regulus 
of  antimony  has  been  long  obferved  with  wonder.  Alche- 
mifts,  who  faw  wonders  in  all  their  operations,  confidered 
this  ftar  as  fomething  myfterious  [and  fignificant ;  but  the 
wonder  ceafed  when  the  caufe  of  it  was  inveftigated  by  fo 
good  a  philofopher  as  Mr.  Reaumur,  and  difcovered  to  be 
the  tendency  which  the  integrant  parts  of  the  regulus  of 
antimony  have  to  arrange  them  "elves  in  an  uniform  man- 
ner ;  for  this  arrangement  always  happens,  when  the  regu- 
lus of  antimony  has  been  well  fufed,  and  flowly  cooled, 
Mr.  Macquer  and  Mr.  Beaume  having  fufed  filver  with 
great  heat,  and  afterwards  very  flowly  cooled  it,  obferved 
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that  this  metal  alfo  arranged  itfelf  in  a  regular  manner, 
Mr.  Beaume  obferved  the  fame  effect  upon  applying  to  all 
the  other  metals  and  femi-metals  the  lame  treatment. 
Every  metallic  fubftance  was  found  to  have  its  peculiar 
form,  which  Mr.  Beaume  propofes  to  determine.. 

What  we  have  faid  concerning  bodies,  which  being 
fufcd  by  fire,  are  cryftallized  when  they  become  folid  by- 
cold,  may  alfo  be  applied  to  all  thofe  whofe  integrant  parts 
fwim  feparately  from  each  other  in  a  fluid  fuch  as  water.. 
Thus  all  kinds  of  earths,  and  of  metallic  and  mineral 
matters,  which  are  found  in  that  ftate,  may  be  cryftallized 
by  taking  away  fome  of  the  watery  fluid  which  feparates 
their  integrant  parts.  A  flow  evaporation  of  the  water, 
which  contains  thefe  fubftances  allows  their  parts  to  ap- 
proximate and  to  unite  together  by  the  moft  fuitable  fides, 
and  to  form  mafies  of  a  determinate  and  conftant  figure. 

In  this  manner  are  formed  the  cryftallizations  of  precious 
ftones,  of  rock  cryftal,  of  fpars,  of  certain  ftalactites,  and 
of  all  ftony  bodies  found  fo  frequently  well  cryftallized. 
The  regular  forms  of  moft  pyrites,  of  many  ores  and  me- 
tallic minerals,  and  even  of  fome  pure  metals,  fuch  as 
gold,  filver,  copper,  which  arc  found  regularly  arranged 
and  ramified,  ought  to  be  attributed  to  the  fame  mechanifm, 
that  is,  to  the  flow  reparation  of  their  integrant  parts  from, 
the  water  in  which  they  are  fufpended. 

But  of  all  the  fubftances  thus  fufceptible  of  cryftallizing 
by  their  feparation  from  water,  falts  are  moft  difpofed  to 
it,  and  afford  the  belt  examples  of  cryftallization ;  becaufe 
all  faline  fubftances  being  eflentially  foluble  in  water,  are 
liquefied  by  this  fluid  in  a  much  greater  quantity  than  the 
bodies  we  have  mentioned,  which,  properly  fpeaking,  are 
only  mifcible  with  water. 

This  property  which  falts  have  of  being  foluble  by  water 
muft  depend  on  a  certain  affinity  or  adhefion  of  their  in- 
tegrant parts  to  thofe  of  water ;  and  from  this  adheiion  we 
can  deduce  the  phenomena  peculiar  to  the  cryftallization 
of  falts,  and  the  differences  obfervable  betwixt  the  cryftal- 
lization of  thefe,  and  that  of  other  fubftances  to  which 
water  has  not  the  fame  affinity.  We  fhall  relate  what  is 
moft  necefiary  to  be  known  concerning  the  cryftallization 
of  falts,  an  object  of  great  importance  in  chemiftry. 

The  cryftallization  of  a  fait  diflblved  in  water  may.be 
procured,  as  evidently  appears  from  what  we  have  faid, 
by  taking  away  the  diffolving  water  :  and  as  moft  falts  are 
lefs  volatile  than  water,  and  may  even  be  confidered  com- 
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parativcly  as  fixed  fubftances,  this  fubftra&ion  may  be  com- 
modioufly  made  by  the  evaporation  of  a  fufficient  quantity 
of  water.  The  parts  of  the  fait,  being  fufBciently  ap- 
proximated by  this  evaporation,  will  unite  together  and 
form  cryftals,  as  we  have  already  explained  concerning 
other  fubftances.  But  as  the  faline  parts  adhere  to  thofe 
of  the  water,  this  circumftance  occafions  an  eflential  dif- 
ference in  the  cryftallization;  which  is,  that  the  fait  when 
cryftallizing,  does  not  feparate  itfelf  from  all  the  water 
with  which  it  was  united  in  folution,  but  retains  fome  part 
of  it  with  fome  force  ;  and  this  portion  of  water  adhering 
to,  and  even  combined  with  the  parts  of  fait,  makes  with 
it  one  whole  or  entire  body ;  whence  faline  cryftals  are 
compounded  of  cryftallized  fait,  and  of  water  which  makes 
part  of  thefe  cryftals.  This  water  is  called  by  chemifts 
the  water  of  cryjiallization. 

As  this  water  of  cryftallization  is  fuperabundant  to  the 
efience  of  the  cryftallized  fait,  it  may  be  taken  from  it  by 
evaporation  with  a  certain  degree  of  heat,  without  any 
change  produced  upon  the  eflential  properties  of  the  fait ; 
fo  that  it  may  be  again  diflblved  and  cryftallized  as  at  firft. 
But  we  muft  obferve,  that  the  water  of  cryftallization  can- 
not be  taken  from  any  fait  without  deftroying  the  form,  or 
at  leaft  the  confiftence,  or  the  tranfparency  of  the  cryftals  ; 
and  when  the  fait  is  to  be  re-difTolved  and  re-cryftallized,  it 
retains  in  this  fecond  cryftallization  the  fame  quantity  of 
water  precifely  as  it  had  in  the  firft. 

Hence  we  ought  to  conclude  that  this  water  of  cryftal- 
lization is  not  eflential  to  a  fait,  as  a  fait,  but  that  it  is 
eflential  to  a  fait  as  being  cryftallized ;  fince  to  it  the  faline 
cryftals  owe  their  form,  tranfparency,  and  even  the  cohe- 
fion  of  their  parts. 

The  quantity  of  water  of  cryftallization  varies  much  in 
different  falts.  Some  of  thefe,  as  alum,  Glauber's  fait, 
and  martial  vitriol,  contain  about  half  their  weight  of 
water ;  and  others,  as  nitre  and  fea-falt,  contain  but  a 
fmall  quantity.  Selenites  contains  an  almoft  infenfible  quan- 
tity of  water.  This  difference  feems  to  depend  on  the 
ftate  of  the  acid  in  thefe  falts  ;  and  in  general  the  more 
firmly  an  acid  is  combined  with  its  bafis,  the  lefs  water  it 
retains  in  cryftallization. 

A  very  important  remark  to  be  made  upon  this  water 
of  cryftallization,  is,  that  when  the  cryftallization  is  pro- 
perly managed,  this  water  is  perfectly  pure,  and  contains 
no  fubftance  foreign  to  the  cryftallized  fait.    To  Mr. 
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Beaume  we  owe  this  difcovery.    By  many  experiments  he 
was  convinced  that  no  neutral  fait,  with  a  balls  or"  fixed 
alkali,  retains  in  its  cryftals  either  fuperabundant  acid  or 
alkali,  or  any  other  matter  foreign  to  the  neutral  fait,  al- 
though even  this  fait  had  been  cryftallized  in  a  liquor  that 
was  acid,  alkaline,  or  impregnated  with  any  other  fub- 
ftance  foreign  to  the  fait  ;  and  that  if  fometimes  thefe  hete- 
rogeneous fubftances  are  found  included  in  faline  cryftals, 
they  have  no  adhefion  to  them,  fince  they  may  be  feparat- 
ed  merely  by  draining  upon  brown  paper,  without  any 
change  produced  upon  the  cryftals  of  the  fait ;  whereas  the 
water  of  cryftallization  cannot  be  taken  away  without  a 
deftru&ion  of  the  cryftals.    The  caufe  of  this  phenome- 
non will  eafily  appear,  when  we  recoiled!:  that  falts  retain 
the  water  of  their  cryftallization  by  the  adhefion  of  thefe 
falts  to  water  ;  and  that  if  a  fait  be  diflblved  in  water  im- 
pregnated with  acid,  alkali,  or  other  fubftance  foreign  or 
fuperabundant  to  the  fait  diflblved,  this  fait  does  not  adhere 
either  to  the  fuperabundant  acid,  or  alkali,  nor  to  the  other 
extraneous  fubftances,  but  to  the  water  alone. 

Evaporation  of  water,  in  which  fait  is  diflblved,  is  not 
the  only  method  by  which  the  fait  can  be  cryftallized.  An- 
other method  which  may  be  ufed  with  fuccefs,  at  leaft  for 
the  cryftallization  of  molt  falts,  is  by  application  of  cold 
to  the  water  fufpending  the  fait.  The  reafon  of  this  is  a; 
follows. 

All  falts  are  foluble  in  water,  but  not  with  equal  faci- 
lity, fome  of  them  requiring  much  water,  and  others  very 
little  :  moft  of  them  are  more  eafily  diflblved,  and  in  greater 
quantity,  by  hot  than  by  cold  water ;  and  others  with  near- 
ly equal  facility,  and  in  equal  quantity  by  both  hot  and 
cold  water.  This  being  eftablifhed,  when  boiling  water, 
that  is,  water  heated  as  much  as  poflible,  fufpends  in  folu- 
tion  all  that  it  can  diflblve  of  thofe  falts  which  are  more 
foluble  by  hot  than  by  cold  water,  if  this  water  be  cooled, 
the  portion  of  fait  which  was  diflblved  merely  by  the  heat 
of  the  water,  will  be  collected  and  cryftallized  as  faft  as  the 
water  cools.  We  may  alfo  obferve,  that  when  this  cool- 
ing of  the  water  is  very  quick,  the  cryftals  it  occaflons 
are  fmall,  irregular,  and  ill-fhaped ;  and  that  the  more 
flowly  the  cooling  is  produced,  the  larger  and  better  form- 
ed the  cryftals  are. 

What  has  been  hitherto  faid  concerning  the  regular  forms 
taken  by  certain  liquefied  matters  during  their  fixing  or 
becoming  folid,  is  entirely  applicable  to  this  kind  of  cryf- 
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tallization  of  falts.  This  cryftallization  is  not  effected  by 
a  fubftraction  of  water  but  of  fire,  by  which  fubftraction 
a  condenfation  of  the  faline  liquor  is  produced,  and  confe- 
quently  a  fufficient  approximation  of  the  parts  of  the  diflblv- 
ed  fait  to  difpofe  them  to  unite,  and  to  form  cryftals  ;  and  as 
in  this  cafe,;.the  fluidity  or  the  folidity  of  the  fait  is  folely 
cccalioned  by  the  prefence  or  abfence  of  the  matter  of  fire, 
thefe  falts  diftolVed  by  heat,  and  cryftallized  by  cold,  may 
be  compared  to  melted  metals,  the  parts  of  which  are  regu- 
larly arranged  by  a  flow  cooling.  But  with  regard  to  falts 
we  muft  obferve,  that  as  their  cryftallization  is  performed 
in  a  fluid  to  which  they  have  an  adhefion,  they  retain  the 
fame  quantity  of  water  of  cryftallization,  whether  the  ope- 
ration was  performed  by  cold  or  by  evaporation. 

Hence  we  may  perceive,  that  evaporation  and  cooling 
are  the  two  principal  methods  of  cryftallizing  falts.  Some- 
times it  is  proper  to  employ  one  only  of  thefe  methods, 
and  at  other  times  both  together,  according  to  the  particu- 
lar nature  of  the  fait  to  be  treated.  If  it  be  one  of  thofe 
falts  which  are  better  cryftallized  by  cooling  than  by  eva- 
poration, fuch  as  nitre,  for  inftance,  then  the  former  me- 
thod ought  to  be  ufed  j  for  nitre  cannot  be  well  cryftallized 
by  evaporation  alone,  becaufe  the  water  which  keeps  it  dif- 
folved  would  be  reduced  almoft  to  nothing  before  the  cryf-r 
tallization  would  begin,  and  the  liquor  would  be  fo  con- 
centrated that  the  parts  of  the  fait  would  not  arrange, 
themfelves  properly. 

When,  therefore,  nitre  is  to  be  cryftallized,  the  water 
is  to  be  evaporated  fo  far  only,  that  when  it  cools,  cryftals 
fhall  be  formed.    This  degree  of  evaporation  is  known  by 
taking  a  few  drops  of  the  hot  liquor,  and  cooling  them 
quickly  ;  if  the  evaporation  has  been  fuflicient,  fmall  cryf- 
tals may  be  perceived  inftantly  formed.    As  the  evapora- 
tion here  mentioned  does  not  occaficn  the  cryftallization  of 
the  nitre,  but  is  only  preparatory  to  it,  this  evaporation 
may  be  either  quick  or  flow  without  inconvenience.  The 
liquor  may  be  made  to  boil  as  faft  as  poflible,  and  the 
cryftals  of  nitre  will  be  no  lefs  perfect,  provided  that  this 
liquor  when  fufficiently  evaporated  be  flowly  cooled  :  when 
it  is  perfectly  cooled,  no  more  cryftals  will  be  formed  in 
it.    It  ought  then  to  be  poured  off,  and  again  evaporated, 
when  by  a  fecond  cooling  it  will  furnifh  more  cryftals, 
and  this  treatment  is  to  be  continued  to  the  end. 

But  if  well  formed  cryftals  are  to  be  obtained  of  one  of 
thofe  falts  which  are  nearly  as  foluble  in  cold  as  in  boil- 
ing 
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ing  water,  and  which  confequently  cannot  be  cryftallized 
by  cold,  evaporation  is  the  only  method  to  be  ufed.  Com- 
mon fait  is  a  proper  inftance  of  this  kind. 

Water  impregnated  with  common  fait  muft  be  evaporated 
to  obtain  cryftals ;  and  when  the  liquor  contains  much 
more  water  than  is  neceflary  to  the  folution  of  the  fait, 
the  evaporation  may  be  carried  on  as  faft  as  pomble  till  the 
cryftallization  is  ready  to  begin.  This  point  is  known  by 
a  thin,  faline  pellicle,  which  floats  on  the  furface  of  the 
liq  'or,  and  feems  as  if  duft  had  fallen  upon  it.  This  pellicle 
is  compofed  of  the  firft  portions  of  fait  beginning  to  cryf- 
tallize.  It  is  always  formed  at  the  furface  ;  becaufe  this 
fait  cryftallizes  by  evaporation  only,  and  evaporation  is 
only  at  the  furface. 

Mr.  Rouelle,  in  his  Memoir  concerning  the  Cryftallization 
of  Sea-falt,  fays,  that  he  has  obferved,  that  when  the  evar 
poration  has  been  very  flow,  and  with  a  heat  not  much  ex- 
ceeding that  of  fummer,  the  cryftals  of  common  fait  are 
formed  at  the  bottom  and  not  at  the  furface  of  the  liquor. 
As  this  appears  quite  contrary  to  the  manner  in  which  this 
fait  cryftallizes  in  all  other  circumftances,  have  we  not 
reafon  to  believe,  that  in  this  infenfible  evaporation  the 
cryftals  of  fea-falt  are  formed  firft  at  the  furface,  as  in  all 
other  evaporations,  but  that  they  cannot  be  perceived  from 
the  extreme  fmallnefs  of  their  fize  at  firft  ;  and  becaufe  the 
heat  is  too  weak  to  dry  their  upper  furface,  and  to  make 
them  adhere  to  the  air,  thefe  fmall  cryftals  fall  to  the 
bottom  without  being  perceived,  and  there  become  larger 
by  the  union  of  other  fmall  cryftals,  formed  and  precipi- 
tated in  the  fame  manner  ? 

If  the  evaporation  when  brought  to  the  point  of  cryftal- 
lization was  to  be  ftopt,  and  the  liquor  to  be  cooled  after 
it  has  been  filtrated,  and  put  into  a  bottle  to  prevent  fur- 
ther evaporation  from  the  remaining  heat,  fcarcely  any 
cryftals  would  be  formed  in  it,  but  the  fait  would  rcmain- 
diflblved  in  the  water.  If,  on  the  contrary,  the  evapora- 
tion fhould  be  haftily  continued,  fait  would  indeed  be 
formed  in  great  quantity  j  but  as  its  parts  would  not  have 
time  to  arrange  themfelves  properly,  the  cryftals  would  be 
fmall  and  ill-formed  *.  The  evaporation  therefore  ought  to 

be 

*  Although  cryftals  of  fea-falt  are  generally  lefs  regular  when 
formed  by  a  hafty  than  by  a  flow  evaporation,  this  irregularity  is, 
however,  lefs  fenfible  in  this  fait  than  in  moil  others,  and  its 
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be  continued,  but  flowly  :  and  by  this  method  very  beauti- 
ful cryftals  will  be  obtained,  partly  in  cubes,  partly  in 
hollow  pyramids  formed  by  cubes  -j-. 

The  rules  of  cryftallization  moft  fuited  to  the  nature  of 
each  fait  muft  be  obferved,  not  merely  to  obtain  well- 
formed  cryftals ;  for  if  their  figure  was  once  determined, 
the  regularity  of  their  cryftallization  would  be  afterwards 
of  no  confequence :  but  the  cryftallization  of  falts  relates  to' 
an  affair  cf  much  more  importance,  which  is  their  purity. 

We  have  already  faid,  that,  when  a  fait  is  well  cryftal- 
lized,  the  water  of  its  cryftallization  is  very  pure,  and 
contains  none  of  the  heterogeneous  matters  which  happen- 
ed to  be  mixed  with  the  folution  of  the  fait  before  cryftal- 
lization. This  obfervation  may  be  extended  to  other  falts 
which  may  happen  to  be  diflblved  in  the  fame  liquor.  If 
then  feveral  falts  be  diflblved  together,  we  may  almoft  al- 
ways feparate  them  exactly  from  each  other,  by  cryftal- 
lizing  each  of  them  according  to  their  character ;  for 
amongft  the  almoft  infinite  number  of  falts  now  known, 
fcarcely  two  (how  precifely  fimilar  phenomena  in  cryftalli- 
zation. We  may,  from  the  example  of  feparating  nitre 
and  common  fait,  when  diflblved  together  in  the  fame  liquor 
by  cryftallization,  fhow  how  fuch  feparation  may  be  done 

cryftals  always  tend  to  a  cubic  form,  or  at  leaft  appear  compofed 
of  cubes.  From  this  obfervation  we  have  reafon  to  believe  that 
the  primitive  integrant  molecules  of  this  fait  are  cubes:  hence  we 
may  conceive  that  as  all  the  fides  of  this  fait  are  equal  and  fimilar^ 
from  their  union  regular  folids  ought  to  refult,  more  or  lefs  ap- 
proaching to  the  cubic  figure,  by  whatever  fide  they  may  have 
been  nnited.    N it e  of  the  Author. 

f  Although  in  a  moderate  evaporation  a  very  large  quantity  of 
cryftals  of  common  fait  is  formed  in  quadrangular,  hollow,  and 
inverted  pyramids,  the  cubic  figure  is  neverthelefs  the  primitive 
and  effential  form  of  this  fait ;  for  thefe  pyramids  are  all  compo- 
fed evidently  of  cubes.  Befides,  they  are  only  formed  acciden- 
tally, by  the  union  of  feveral  quadrangular  prifms  compofed  of 
cubes,  which  are  fuccefTively  applied  to  the  fides  of  a  firll  cube ; 
which  being  formed  at  the  furface  of  the  liquor,  remains  fufpend- 
ed  there,  by  the  adhefion  of  its  upper  dried  furface  to  the  air.  As 
this  cube  is  befides  a  little  funk  into  the  liquor  by  its  weight,  fo 
that  the  liquor  rifes  along  its  fides,  it  becomes  by  that  means  a 
very  proper  foundation  for  the  formation  of  this  pyramid.  This 
mechanifm  is  explained  at  length  in  Junker's  book,  and  in  a 
Memoir  of  Mr.  Rouelle  concerning  the  cryftallization  of  fea-falt, 
printed  in  1745.    ^ote  °f  f^e  -Author* 
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in  general,  even  when  feveral  falts  happen  to,  be  fo  con- 
founded. This  is  certainly  one  of  the  nneft  and  moft  ufe- 
ful  problems  in  chemiftry. 

Let  us  then  fuppofe  that  nitre  and  fea-falt,  diffolved  in 
the  fame  liquor,  are  to  be  feparated  from  each  other.  ..The 
method  of  effecting  this  will  appear  evidently  from  con- 
fidering  what  we  have  faid  concerning  cryftallization  ;  and 
this  method  will  be  found  to  confift  in  employing  alternate- 
ly evaporation  and  cooling.  Firft  of  all  then,  the  liquor 
mull  be  evaporated.  If,  during  the  evaporation,  a  pellicle 
appears  on  the  furface,  and  no  cryftals  of  nitre  appear  in  a 
fmall  quantity  of  the  liquor  when  haftily  cooled,  then  we 
difcover  that  common  fait  is  in  greater  quantity  than  the 
nitre.  In  this  cafe  the  evaporation  muft  be  continued,  and 
the  common  fait  feparated  as  faft  as  it  is  formed,  till  a  fmall 
quantity  of  the  liquor,  when  haftily  cooled,  mews  fmall 
needle-like  cryftals  of  nitre  j  then  the  liquor  is  to  be  left 
to  cool,  that  the  nitre  may  have  an  opportunity  of  cryf- 
tallizing  by  cooling  ;  after  which  the  evaporation  is  to  be 
re  fumed  that  more  common  fait  may  be  feparated,  and  to 
diflipate  fo  much  water,  that  cryftals  of  nitre  fhall  again  be 
formed  by  cooling.  Thus  thefe  falts  may  be  alternately 
cryftallized,  one  by  cooling,  and  the  other  by  cryftalliza- 
tion, till  they  are  entirely  feparated. 

If,  in  the  beginning  of  the  operation,  the  liquor  had, 
upon  trial  in  fmall  quantity,  given  cryftals  of  nitre  by 
cooling,  before  any  pellicle  had  appeared  upon  its  furface, 
the  common  fait  would  then  have  been  known  to  be  in 
much  lefs  quantity  than  the  nitre.  In  this  cafe,  the  nitre 
would  have  been  cryftallized  firft,  but  always  by  cooling. 
The  quantity  of  nitre,  which  exceeds  that  of  common  fah, 
having  been  thus  feparated,  the  common  fait  would  then 
begin  to  cryftallize  in  its  turn  by  evaporation. 

Several  eflential  remarks  are  to  be  made  upon  this  fepa- 
ration  of  feveral  falts  from  each  other  by  cryftallization. 

Firft,  although  the  two  falts,  the  method  of  feparating 
which  we  have  given  as  an  example,  are  the  moft  capable 
of  fuch  a  feparation,  becaufe  fea-falt  is  one  of  the  faks 
which  are  leaft  of  all  to  be  cryftallized  by  cooling  j  and  on 
the  contrary,  nitre  is  one  of  thofe  which  are  beft  cryftal- 
lized by  this  method  ;  neverthelefs,  after  a  firft  cryftalliza- 
tion of  thefe  two  falts,  fuch  as  we  have  defcribed,  they  are 
not  entirely  and  perfectly  feparated  from  each  other  :  the  fea- 
falt  contains  fome  nitre,  and  the  nitre  contains  fome  portion 
of  fea-falt  3  becaufe  in  cryftallization  one  fait  always  takes 
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with  it  a  fmall  portion  of  another  :  but  when  two  falts  are  fo 
different  from  each  other  in  this  refpect  as  thefe  two,  a  per- 
fect feparation  may  be  eafily  made  by  diffolving  each  of  them 
feparately  in  more  water,  and  by  proceeding  to  their  cryfiai- 
iization by  the  fame  method.  As  a  new  feparation  is  made 
by  each  cryfiaiiization,  they  may  be  obtained  at  laft  perfectly 
pure  by  repeating  fufficiently  this  management. 

The  fecond  remark  to  be  made  on  the  feparation  of  falts 
by  cryfiaiiization  is,  that  this  feparation  is  fo  much  more 
difficult  and  long,  in  proportion  as  the  falts  to  be  fe- 
parated  are  more  fimilar  to  each  other  in  their  manners 
of  cryfiaiiization.  For  inftance,  if  two  falts  are  only 
capable  of  cryftallizing  by  evaporation,  as  fea-falt  and  vi- 
triolated  tartar,  or  by  cooling,  as  nitre  and  Glauber's  fait, 
they  cannot  be  ever  obtained  quite  pure  and  feparated  from 
each  other  by  any  management  :  neverthelefs,  even  in  this 
cafe  they  may  be  in  great  meafure  feparated  ;  firft,  becaufe 
the  precife  degree  of  evaporation,  or  of  cold,  which  is 
neceffary  for  the  cryftallizing  of  one  fait,  is  generally  fome- 
what  different  from  that  which  is  requifite  for  the  cryfiai- 
iization of  another  fait ;  fecondly,  becaufe  although  they 
mould  refemble  each  other  much  in  this  refpect,  fome  dif- 
ferences, which  mufl  be  obfervable  in  the  fize  and  form 
of  their  cry flals  when  well  formed,  will  furnifh  means  of 
making  at  leaft  an  imperfect,  feparation,  which  may  be 
made  more  perfect  by  repeating  this  management. 

But  the  feparation  of  fome  falts  is  attended  with  fingular 
and  even  infuperable  difficulties.  Such  are  the  falts  which 
have  fome  action  upon  each  other,  and  the  parts  of  which 
have  fome  adhefive  power  together.  This  action  of  neutral 
falts  upon  each  other  has  been  very  little  obferved  :  it  is, 
neverthelefs,  very  fenfible  in  fome  of  them ;  fuch  are  fal 
ammoniac  and  corrofive  fublimate,  which  not  only  act  as 
intermediate  fubflances  to  each  other,  by  which  they  can  be 
diflolved  in  greater  quantities  in  water  and  in  fpirit  of  wine 
than  they  can  fingly,  but  which  being  diflolved  together  in 
the  fame  menflruum,  cannot  be  again  cryflallized  feparateiy 
by  any  method  ;  as  Mr.  Macquer  has  fhewn  in. his  Memoir 
concerning  Mr.  Garay's  Tincture  of  Mercury,  printed  in 
the  Collection  of  the  Academy  for  the  year  1755. 

Some  falts  have  fo  great  affinity  with  water,  and  are 
fo  foluble  by  this  menflruum,  that  they  can  fcarcely  be 
cryflallized.  The  folution  cf  thefe  falts  requires  to  be  eva- 
porated almofl  to  drynefs,  or  to  a  thick  confidence,  and  then 
by  cooling  they  generally  form  needle-like  cryftals  applied 
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longitudinally  or  tranfverfely  to  each  other.  When  they 
are  expofed  to  the  air,  they  attract  humidity,  and  refolve 
into  a  liquid  ftate.  Mr.  Rouelle  was  the  firft  who  defcribed, 
in  h'.s  Memoir  concerning  Salts  in  the  year  1744,  the 
cryftallization  of  deliquefcent  falts,  fuch  as  marine  fait  and 
nitre  withbafes  of  calcareous  earth,  of  copper,  and  of  iron, 
terra  foliata  tartari,  and  the  falts  formed  by  the  union  of  the 
acids  of  vinegar  and  of  tartar  with  iron  and  withcopper. 

All  thefe  fo  difficultly  cryftallizable  falts  may  be  eafily  fepa- 
rated  from  falts  which  maybe  readily  cryftallized,  with  which 
they  happen  to  be  mixed  ;  becaufe  the  former  falts  in  the 
evaporations  and  coolings  are  always  the  laft  to  cryftallize. 

•  Two  of  thefe  falts,  namely  nitre  and  marine  fait,  with 
bafes  of  calcareous  earth,  are  found  mixed  with  nitre  and 
marine  fait  with  bafes  of  fixed  alkali ;  both  of  them  in  the 
lixiviums  of  the  manufacturers  of  nitre,  and  the  latter  in 
almoft  all  the  waters  in  which  common  fait  is  found  to  be 
naturally  difiblved  :  hence,  when  the  proper  operations  are 
made  to  obtain  nitre  and  fea-falt,  after  all  the  evaporations 
and  cryftallizations,  a  very  heavy  faline  liquor  remains 
from  which  no  cryftals  can  be  procured,  called  the  mother- 
water.  Thefe  mother-waters  of  nitre  and  of  common  fait 
are,  then,  nothing  but  thefe  falts  with  earthy  bafes  almoft 
pure ;  and  if  a  cryftallization  of  them  were  required,  the 
method  defcribed  by .  Mr.  Rouelle  in  the  quoted  Memoir 
ought  to  be  practifed.  But  this  is  not  a  matter  worthy  the 
attention  of  the  manufacturers,  to  whom  the  perfect  puri- 
fication of  nitre  and  of  fea-falt,  from  an  adhering  portion  of 
the  falts  with  earthy  bafis,  is  of  much  more  importance,  as 
we  fhall  fee  when  we  fhall  treat  of  thefe  falts. 

*  Chemifts  have  given  much  attention  to  this  fubject,  the 
cryftallization  of  falts ;  and  particularly  Mr.  Rouelle  has 
made  many  interefting  refearches  concerning  it,  which  may 
be  feen  in  his  Memoir  of  1744.  But  neverthelefs,  much 
remains  yet  to  be  done.  The  true  form  of  all  cryftallizable 
falts,  and  the  beft  methods  of  cryftallizing  them,  are  not 
yet  determined  ;  which  will  not  appear  furprizing  to  thofe 
who  underftand  this  fubject,  and  who  know  that  one  and 
the  fame  fait,  although  conftantly  tending  to  the  fame  form, 
is  neverthelefs  capable  of  difguifmg  itfelf  in  many  v/ays^ 
and  of  taking  many  different  forms,  according  to  the  cir- 
cumftances  during  cryftallization.  The  quicknefs  or  flow- 
nefs  of  evaporation,  the  quantity  of  water  evaporated,  the 
more  or  lefs  hafty  cooling,  and  the  different  degrees  of  cold 
applied,  the  ftate  of  the  air  and  of  the  liquor  with  refpect 
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to  reft  or  motion,  even  the  form  and  matter  of  the  veftel 
in  which  a  fait  is  cryftallized,  are  fo  many  caufes,  which, 
acting  iucceflively  or  together  in  many  different  ways,  are 
capable  of  producing  numberlefs  varieties  in  the  cryftalliza- 
tion. 

Of  all  the  caufes  which  we  have  mentioned,  capable  of 
varying  crystallizations,  the  nature  of  the  veflel  employed 
feems  to  deferve  leaft  our  attention ;  yet  this  may  produce 
fome  change  from  the  greater  or  lefs  adhefion  which  the 
fait  may  have  to  the  feveral  matters  of  which  thefe  velTels 
are  made.  For  inftance,  we  can  only  attribute  to  the  adhe- 
fion of  falts  to  the  fides  of  the  vefTels  employed  the  property 
which  moft  of  them  have  to  branch  out  in  various  manners, 
«nd  to  creep  along  the  fides  of  thefe  vefTels,  particularly 
when  the  cryftallization  is  very  fiowly  performed,  fo  con- 
derably  that  they  frequently  go  even  on  the  outfide  of  the 
vefTels.  Mr.  Beaume  has  prevented  this  phenomenon  by 
hindering  the  adhefion  of  the  falts  to  the  fides  of  the  vefTels, 
by  rubbing  thefe  fides  with  fome  oil. 

From  what  has  been  faid  concerning  the  action  of  neutral 
falts  upon  each  other,  we  may  conceive,  that  when  fuch 
falts  happen  to  be  mixed  together,  they  muft  produce  con- 
fiderable  differences  in  cryftallizing. 

Many  other  important  obfervations  might  be  made  on  the 
cryftallization  of  certain  falts,  but  they  will  be  better  placed 
under  the  articles  of  the  feveral  falts  which  they  concern. 
We  are  obliged  alfo  to  leave  to  the  underftanding  and 
reflection  of  our  readers  to  draw  from  what  we  have  faid 
many  corollaries,  the  detail  of  which  would  be  too  long. 
We  mall  only  mention  a  manner  of  cryftallizing  falts  which 
is  different  from  the  methods  by  evaporation  and  by  cooling, 
but  which  confifts  alfo  in  taking  away  from  the  fait  a  por- 
tion of  water  which  keeps  it  difiblved.  This  method  of 
cryftallization  is  well  affected  by  adding  to  a  folution  of  a 
fait  a  fufficient  quantity  of  a  fubftance  which  has  no  action 
upon  that  fait,  but  which  has  greater  affinity  than  the  fait  has 
with  the  water  which  keeps  it  diffolved.  Spirit  of  wine,  for 
inftance,  has  thefe  properties  with  regard  to  many  lalts. 
Thus  by  adding  a  fufficient  quantity  of  rectified  fpirit  of 
wine  to  a  ftrong  folution  of  Glauber's  fait,  of  vitriolated 
tartar,  or  of  fea-falt,  this  fpirit  of  wine  feizing  the  water 
neceffary  for  the  folution  of  the  falts,  obliges  them  to  cry- 
ftallize  immediately  :  but  as  this  cryftallization  is  very 
haftily  made,  and  almoft  inftantaneoufly,  the  cryftals  are 
always  very  fmall  and  ill-formed.     In  this  fefpect  they 
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refemble  the  cryftals  of  falts  produced  from  a  liquor  which 
contained  too  little  water  to  keep  them  diffolved.  This 
happens,  for  inftance,  when  a  ftrong  folution  of  alkaline 
fait  is  combined  with  concentrated  vitriolic  acid,  to  form 
vitriolated  tartar  ;  for  this  fait,  which  requires  much  water 
to  keep  it  diffolved,  does  not  find  enough  in  the  liquor, 
and  appears  immediately  in  form  of  very  fmall  cryftals  like 
fand.  The  fame  thing  may  be  faid  of  vitriols  of  filver  and 
of  mercury,  of  luna  cornea,  and  of  other  metallic  falts  of 
this  kind  produced  by  adding  vitriolic  or  marine  acids  to 
the  white  metals  dillolved  in  nitrous  acid.  Thefe  falts 
appear  immediately  as  precipitates,  whenever  they  do  not 
find  water  enough  in  the  liquors  to  diffolve  them ;  and 
Mr.  Rouelle  juftly  obferves,  in  his  Memoir,  that  they  are 
not  precipitates,  but  true  falts,  which  not  finding  water 
fufficient  for  their  folution,  are  obliged  to  be  immediately 
cryftallized,  but  in  cryftals  fo  fmall,  from  the  rapidity  of 
their  cryftallization,  that  they  cannot  be  known  to  be 
cryftals  but  with  the  help  of  a  microfcope. 

Notwithftanding  what  has  been  faid  concerning  the  irre- 
gularity of  the  cryftals  procured  by  adding  a  fubftance, 
which  feizes  the  water  of  the  folution  of  falts,  yet  if  this 
addition  was  managed  and  gradually  made,  perhaps  it  might 
produce  very  beautiful  and  very  regular  cryftals.  Mr. 
Beaume  has  actually  obferved,  that  when  falts  were  cryftal- 
lized in  acid  or  alkaline  liquors  according  to  their  nature, 
their  cryftals  were  infinitely  larger  and  more  regular  than 
they  would  have  been  without  this  circumftance.  Vegetable 
fait,  for  inftance,  and  fait  of  Saignette,  require  to  be  cry- 
Aallized  in  an  alkaline  liquor  ;  and  fedative  fait  requires  an 
acid  liquor,  when  it  is  obtained  from  borax  by  the  interven- 
tion of  an  acid,  if  we  defire  to  have  fine  cryftals  of  thefe 
falts.  The  caufe  of  this  muft  be,  that  acids  or  alkalis, 
having  in  general  more  affinity  with  water  than  neutral 
(alts  have,  diminifh  the  adhefion  of  thefe  neutral  falts  with 
the  water  of  the  folution  j  for  a  too  great  adhefion  of  a  fait  to 
water  may  evidently  be  a  great  impediment  to  its  cryftalli- 
zation. See  the  words  Salt,  Salts  (Neutral),  and  the 
feveral  forts  of  neutral  falts  under  their  refpeftive  names. 

CRYSTALS.  All  neutral  falts  with  metallic  bafes 
fufceptible  of  cryftallization  are  commonly  called  by  che- 
mifts  Cryjlals,  when  they  are  actually  cryftallized  -3  and  the 
name  of  the  metal  contained  in  the  fait  is  added  to  diftin- 
guifh  it.  Thus  we  fay,  cryjlals  of  gold,  of  filver,  of  copper^ 
if  lead,  &c.    But  as  thefe  names  do  not  indicate  the  acid 

contained 
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contained  in  each  fait,  they  ought  to  be  difufed.  Here  we 
/hall  only  mention  two  of  thefe  falts  called  cryftals  j  be- 
caufe  they  are  almoft  always  diftinguifhed  by  that  name. 
Thefe  are  the  cryflah  of  fiver,  and  cryfals  of  verdegrife,  or 
of  copper. 

CRYSTALS  ./SILVER,  or  LUNAR  CRYS- 
TALS. Cryftals  of  filver  are  neutral  falts  with  metallic 
bafes  compofed  of  nitrous  acid  faturated  with  filver.  When 
very  pure  filver  is  difiblved  by  very  pure  nitrous  acid,  if 
the  acid  be  ftrong,  cryftals  will  be  formed  merely  by  the 
cooling  of  the  folution.  Thefe  cryftals  are  white,  flattened 
like  thin  fcales,  and  not  very  hard.  When  the  nitrous  acid 
ufed  to  diiTolve  the  filver  is  weak,  no  cryftals  are  formed ; 
becaufe  the  water  in  the  acid  is  fufficient  to  keep  the  newly 
formed  fait  difiblved  ;  but  lunar  cryftals  may  eafily  be 
obtained  from  this  dilute  folution  by  evaporating  the  fuper- 
abundant  water,  and  letting  the  liquor  cool. 

Very  beautiful  and  white  lunar  crvftals  may  alfo  be  ob- 
tained, although  the  filver  employed  be  allayed  with  copper 
or  iron  :  becaufe  the  falts  formed  by  thefe  two  metals  with 
nitrous  acid  are  deliquefcent,  and  are  not  fo  eafily  cryftal- 
Jizable  as  the  fait  with  bafis  of  filver.  In  this  cafe  the 
folution  ought  to  be  evaporated,  if  it  be  necefiary ;  and  the 
cryftals  of  filver  will  be  cryftallized  by  cooling,  while  the 
copper  or  iron  will  remain  difiblved.  When  the  colored 
liquor  is  poured  off,  cryftals  will  be  found  fufficiently 
white  and  almoft  pure ;  but  to  purify  them  perfectly,  they 
ought  to  be  drained,  difiblved  again  in  very  pure  water,  and 
again  cryftallized  :  then  after  they  are  well  drained  from 
the  liquor,  they  will  be  found  perfect  and  beautiful.  This 
even  is  a  method  of  feparating  filver  from  the  allay  of 
copper,  or  of  iron ;  and  of  obtaining  frcm  ftandard  filver, 
or  filver  allayed  with  copper,  as  fine  and  colorlefs  a  folution 
as  if  tefted  filver  had  been  employed. 

Lunar  cryftals  then  are  a  true  lunar  nitre,  or  niire  with 
bafts  of  fiver ;  and  they  accordingly  have  the  property  of 
deflagrating  upon  burning  coals,  almoft  as  well  as  nitre, 
with  bafis  of  fixed  alkali.  When  this  experiment  is  made, 
the  filver  is  found  after  the  detonation  incrufted  upon  the 
furface  of  the  coal,  in  its  metallic  ftate. 

Notwithftanding  this  property  which  lunar  nitre  has  of 
detonating  with  coals,  a  property  which  (hews  a  ftrong 
adhefion  of  nitrous  acid  with  filver ;  yet  this  adhefion  is  not 
fufficiently  ftrong  to  refift  a  certain  degree  of  heat ,  fo  that 
3  b/ 
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by  calcination  or  diftillation  thefe  two  fubftanCes  may  be 
.disjoined. 

Lunar  cryflals  may  be  melted  with  a  very  gentle,  and  lefs 
than  a  red  heat.  They  eafily  lofe  the  water  of  their  cryftal- 
lization,  and  then  congeal  into  a  black  mafs,  which  is 
generally  caft  into  moulds,  and  is  called  Lapis  infernalisy  or 
lunar  caujlic.    See  Caustic  (Lunar). 

This  fait  is  very  cauftic,  as  the  effects  of  the  lunar  cauftic 
fhew  in  furgery,  although  it  has  loft  a  part  of  its  acid  in  the 
fufion  which  it  receives.  This  corrofive  quality  of  lunar 
cryftals  feems  to  render  it  unfit  for  internal  ufe  as  a  medi- 
cine j  yet  fome  phyficians  prefcribe  it  as  a  powerful  eva- 
cuant  of  water.  Boyle,  though  not  a  phyfician,  but  aflifted 
by  fome  perfons  of  the  faculty,  propofes  a  method  of  ren- 
dering thefe  crvftals  of  filver  milder,  and  boafts  much  of 
them  as  a  remedv.  His  method  confifts  in  adding  to  a 
folution  of  them  in  water  another  folution  of  an  equal 
quantity  of  nitre,  and  evaporating  the  whole  to  drynefs  and 
whitenefs,  with  a  very  gentle  fire,  by  which  a  portion  of 
the  fpirit  of  nitre  is  intended  to  be  taken  away  without 
fufing  the  faline  mafs ;  after  which,  this  faline  powder  is  to 
be  made  into  pills,  by  forming  it  into  a  pafte  with  fome 
bread  and  water. 

Little  fkill  in  chemiftry  is  requifite  to  mew,  that  nitre 
thus  mixed  with  lunar  cryflals,  being  incapable  of  acting 
upon  it,  cannot  render  it  milder,  but  muft  leave  it  un- 
changed. 

Secondly,  by  the  manner  of  drying  this  mixture  of  lunar 
cryftals  and  nitre,  lefs  of  the  caufticity  of  thefe  cryftals 
is  deftroyed  than  by  forming  them  into  lunar  cauftic,  in 
which  operation  they  fuftain  a  heat  fufficient  to  fufe  and 
to  blacken  them,  and  confequently  lofe  more  of  their  acid. 
After  thefe  confiderations,  we  cannot  believe  that  this 
remedy  of  Mr.  Boyle  is  fo  mild  and  innocent  as  it  has  been  , 
repiefented.  This  is  certain,  that,  notwithftanding  the 
praifes  given  it  by  this  philofopher,  its  ufe  has  not  yet  been  . 
eftablilhed  in  medicine. 

Lunar  cryftals  are  called  by  Lemeri  vitriol  of  filver ;  but 
as  they  contain  no  vitriolic  acid,  this  name  does  not  fuit 
them,  and  ought  only  to  be  given  to  the  fait  formed  by  the 
union  of  vitriolic  acid  with  filver.    See  Silver. 

CRYSTALS  ^/COPPER,  *r*/VENUS.  By 
thefe  names  is  meant  a  fait  formed  by  the  union  of  the  acid 
of  vinegar  with  copper. 

This 
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This  combination  may  be  made  by  diffolving  directly 
copper  in  good  diftilled  vinegar ;  but  it  is  made  much  more 
commodioully,  and  more  expeditioufly,  when  the  copper 
employed  has  been  previoufly  formed  into  verdegrife ;  becaufe 
the  copper  in  the  verdegrife  is  already  divided  and  pene- 
trated by  a  certain  quantity  of  acid  of  wine :  verdegrife 
therefore  is  always  ufed  for  the  preparation  of  cryftals  of 
copper. 

This  operation  is  very  fimple.  It  confifts  in  diffolving 
verdegrife  in  good  diftilled  vinegar  till  this  acid  be  faturated. 
For  this  purpofe  a  matrafs  is  to  be  ufed,  and  to  be  fet  in  a 
fand-bath  with  a  gentle  heat.  When  the  vinegar  diffolves 
the  verdegrife,  it  takes  a  fine  greenim-blue  color.  Some 
chemifts  call  it  alfo  Tincture  of  Venus.  When  it  ceafes 
to  act.  on  the  verdegrife,  it  is  to  be  decanted,  evaporated, 
and  cryftallized.  The  beautiful  greenim-blue  cryftals 
formed  are  cryftals  of  copper.  When  this  fait  is  expofed 
to  a  dry  air,  it  lofes  eafily  the  water  of  its  cryftallization, 
and  its  furface  is  reduced  to  a  lighter-colored  fea-green 
powder. 

The  acid  of  vinegar  does  not  ftrongly  adhere  to  the  copper 
in  this  combination.  It  may  be  entirely  feparated  from 
it  by  diftillation  ;  and  as  it  had  loft  moft  of  its  fuperabun- 
dant  water  when  it  united  with  the  copper,  it  may  by  this 
method  be  obtained  in  its  greateft  concentration.  It  is 
called  radical  vinegar,  and  improperly  fpirit  of  Venus.  See 
thefe  words. 

The  principal  intention  of  chemifts  in  making  cryftals  of 
Venus  is  to  obtain  radical  vinegar.  But  this  preparation  is 
alfo  ufed  by  painters  ;  for  which  reafon  large  quantities  of 
it  are  manufactured,  and  it  is  generally  fold  under  the  name 
of  difiilled  verdegrife ;  probably  becaufe  diftilled  vinegar  is 
employed  in  its  compofition.  See  Copper  and  Vine- 
gar. 

CUCURBIT.  A  cucurbit  is  a  chemical  vefTel  em- 
ployed in  diftillation,  when  covered  with  its  capital  or  head. 
Its  name  comes  from  its  lengthened  fhape,  by  which  it 
refembles  a  gourd  :  fame  cucurbits,  however,  are  (hallow 
and  wide-mouthed.  Cucurbits  are  made  of  copper,  tin, 
glafs,  and  ftone-ware,  according  to  the  nature  of  the  fub- 
ftances  to  be  diftilled.  A  cucurbit  provided  with  its  capital 
conftitutes  the  veffel  for  diftillation  called  Alembic,  See  this 
word,  and  Plate  L 

CUPEL.  A  cupel  is  a  wide-mouthed  earthen  veflel, 
like  a  flat  cup,  from  which  refemblance  it  has  been  named. 
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The  ufe  of  cupels  is  to  contain  gold  and  filver  mixed 
with  lead  in  the  operations  of  refining  and  of  aflay,  and  to 
abforb  the  litharge  and  other  fcoritied  matters  formed  in 
thefe  operations. 

For  this  reafon  cupels  ought  to  be  made  of  dry,  porous 
earths,  capable  of  refitting  the  action  of  ftrong  fire,  and  of 
fluxes. 

The  afties  of  wood  and  of  bones  are  the  moft  proper 
earths  for  cupels.  Thefe  afties  ought  to  be  perfectly  burnt 
and  calcined  ;  that  is,  till  they  become  white,  fo  that  they 
contain  no  more  inflammable  principle,  which  might  re- 
vivify the  fcorified  metals,  and  occafion  an  ebullition  during 
the  operation.  They  ought  alfo  to  be  well  lixiviated,  and 
deprived  of  all  faline  matter  to  avoid  their  fufion. 

To  form  cupels,  afhes  thus  prepared  ought  to  be  mixed 
with  water  into  a  pafte,  to  which  a  proper  form  is  given  by 
means  of  a  mould.  Sometimes  they  are  made  into  a  pafle 
with  fome  beer ;  a  fmall  quantity  of  clay  is  added,  that 
they  may  be  moulded  more  conveniently.  Calcining  tejls 
made  of  clay  are  alfo  called  by  fome  artifts  cupels;  becaufe 
they  have  the  fame  form  as  the  refining  and  eflay  cupels.  See 
Essay  and  Plate  1.  fig.  10. 

CUPELLATION.  Cupellation  is  an  operation  by 
v/hich  gold  and  filver  are  refined  or  eflayed  by  fcorification 
with  lead  upon  the  cupel.    See  Refining  and  Essay. 


DAMPS.    Thefe  are  noxious  and  even  fatal  exhala- 
tions or  vapors,  which  infeft  fubterranean  places, 
and  particularly  mines,  if  the  air  be  not  frequently  renewed. 

The  inftances  of  fatal  accidents  caufed  by  thefe  vapors 
are  too  frequent.  Moft  of  them  kill  animals  fo  fuddenly 
that  no  afliftance  can  be  given. 

Although  all  thefe  vapors  produce  fimilar  effects,  and 
occafion  fudden  and  mortal  faintings  and  fyncopes,  yet  fome 
differences  may  be  obferved  in  the  properties  and  modes 
of  acting  of  thefe  vapors  in  different  places.  From  which 
we  may  prefume,  that  they  are  not  all  exactly  of  the  fame 
nature. 

Some  of  them  are  vifible,  and  appear  in  form  of  a  fog  ; 
fuch  is  that  which  is  found  in  a  quarry  near  to  the  mineral 
waters  of  Pyrmont ;  and  of  which  t)r.  Seip  has  given  a 
description  in  the  Philofophical  Tran factions.  This  vapor 
has  a  fulphureous  fmell,  deftroys  infects,  birds,  and  in 
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general  all  animals  which  approach  it,  with  fymptoms 
fimilar  to  thole  which  animals-  fuffer  when  placed  under  an 
cxhaufted  receiver  of  an  air-pump. 

Others,  though  perfectly  invifible,  produce  the  fame 
effects.  Such  are,  fays  the  learned  tranflator  of  Lehman, 
thofe  which  iffue  from  a  cave  in  Hungary,  fituated  near 
Ribard,  at  the  foot  of  Crapack  mountains.  Thefe  vapors 
are  fo  fatal  that  they  kill  birds,  while  in  their  flight  they 
approach  too  near  to  the  mouth  of  the  cave. 

Amongft  the  noxious  mineral  exhalations  we  may  alfo 
place  thofe  which  are  found  in  the  mines  of  Sal-gem  in 
Poland.  Thefe  frequently  appear  in  form  of  light  flocks, 
threads,  and  webs,  like  thofe  of  fpiders.  They  are  re- 
markable for  their  property  of  fuddenly  catching  fire  at  the 
lamps  of  the  miners  with  a  terrible  noife  and  explofion. 
They  inftantly  kill  thofe  whom  they  touch.  This  explo- 
fion is  a  true  fubterranean  thunder.  Similar  vapors  are 
found  in  fome  mines  of  foffil-coal. 

As  arfenic  is  the  greater!  poifon  of  all  mineral  fubftances, 
as  it  is  volatile,  and  abounds  in  almoft  all  mines,  many 
authors  have  fuppofed  that  damps  contained  fomething  arfe- 
nical.  But  this  opinion  is  fo  far  from  being  proved,  that 
ftrong  reafons  induce  us  to  believe  that  they  are  of  a  different 
nature.  We  are  certain,  and  I  know  it  from  my  own  expe- 
rience, that  a  perfon  may  be  a  confiderable  time  expofed 
to  a  large  quantity  of  vapors  of  arfenic  without  fuffering 
any  of  the  fymptoms  occalioned  by  damps,  and  even  without 
being  much  incommoded.  Secondly,  the  effects  produced  by 
arfenic  taken  internally,  even  in  a  large  quantity,  although 
terrible,  and  always  fatal,  are  not  nearly  fo  fudden  as  thofe 
occafioned  by  damps,  which  inftantaneoufly  kill.  Thirdly, 
no  obfervation  or  experience  have  afcertained  the  arfenical 
nature  of  any  damps ;  and  it  is  even  demonftrable,  that 
many  of  thefe  noxious  mineral  vapors  are  nothing  elfe  than 
volatile  fulphureous  acid. 

Laftly,  all  thofe  which  are  not  evidently  volatile  fulphu-- 
reous  acid  appear  to  be  pure,  or  almoft  pure  phlogifton 
difengaged  from  bodies  without  burning.  They  occafion 
exactly  the  fame  accidents  as  exhalations  of  liver  of  fulphur, 
of  burning  coals,  and  of  matters  undergoing  the  putrid  or 
fpirituous  fermentations.  The  great  inflammability  of  thefe 
vapors,  when  they  are  confined,  and  condenfed  to  certain'- 
degree,  fuch  as  thofe  of  coal-mines,  is  a  demonftrative 
proof  of  this  opinion. 
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By  art  we  rrfay  perfectly  imitate  thefe  vapors.  We  know 
that  when  acids  diflblve  imperfect  metals,  they  take  from 
them  a  confiderable  part  of  their  inflammable  principle. 
This  principle  is  almoft  totally  diflipated  in  vapors  during 
thefe  folutions  ;  and  if  the  operation  be  made  in  a  clofe 
vefTel,  when  this  is  uncorked,  and  a  lighted  candle  brought 
hear  its  mouth,  the  vapor  contained  inftantly  catches  fire, 
and  occafions  an  explofion  fo  much  more  violent  as  the 
quantity  of  vapor  was  greater.  This  phenomenon  may  be 
.chiefly  obferved  when  iron  is  diflblved  in  vitriolic  acid 
diluted  with  a  certain  quantity  of  water.  If  after  this  ex- 
plofion the  bottle  be  left  open,  fuppofing  the  folution  of  the 
metal  to  be  continuing,  and  the  flame  of  a  candle  applied  to 
the  mouth  of  the  containing  veflel  -}  the  phlogifton,  which 
is  continually  difengaging  and  forming  vapors,  but  freely, 
and  without  condenfation,  will  continue  to  burn  in  fuch  a 
manner,  that  a  light-bluilh  flame  will  be  feen  at  the  mouth 
of  the  vefTel,  fuch  as  the  flame  of  phlogifton  always  is  when 
the  phlogifton  is  not  in  an  oily  ftate. 

Although  thefe  experiments  are  generally  made  by  means 
of  a  folution  of  filings  of  iron  in  vitriolic  acid,  I  doubt  not 
that,  by  employing  proper  management,  fimilar  vapors 
might  be  produced  from  other  imperfect  metals,  efpecially 
thole  which  moft  eafily  part  with  their  phlogifton  when  dif- 
folved  by  acids,  as  tin,  zinc,  and  regulus  of  antimony; 
and  I  doubt  not  that  if  thefe  metallic  vapors  were  collected 
in  a.  fufEcient  quantity  in  a  clofe  place,  where  the  air  was 
not  renewed,  that  they  would  produce  the  fame  fatal  acci- 
dents as  thefe  called  damps. 

All  thefe  confiderations  induce  us  to  believe,  that  moft 
of  thefe  noxious  fubterranean  vapors  are  nothing  but  phlo- 
gifton difengaged  from  certain  fubftances,  and  circulating 
within  the  earth.  It  proceeds  from  bitumens  and  from  ful- 
phur,  which  undergo  different  alterations  and  decompo- 
sitions. 

Alrnoft  all  chemifts  and  metal lurgifts  agree  in  believing, 
that  mineral  exhalations  contribute  to  the  production  of 
metals.  This  opinion  is  fo  much  more  probable,  that,  as 
phlogifton  is  one  of  the  principles  of  metals,  (if  it  be  true 
that  thefe  mineral  exhalations  are  nothing  elfe  than  phlogif- 
ton) and  as  this  principle  is  then  in  a  ftate  of  vapor,  and 
confequently  much  divided,  perhaps  reduced  to  its  fmalleft 
integrant  particles,  it  is  then  in  its  moft  favourable  ftate  for 
combination  :  it  is  therefore  probable,  that  when  thefe  exha- 
lations meet  earths  difpofed  to  receive  them,  they  combine 
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more  or  lefs  intimately  with  thefe  earths,  according  to  their 
nature.  Ferhaps  this  is  the  chief  operation  of  the  grand 
myftery  of  metallifation.  See  Metals  and  Phlogis- 
ton. (I) 

DECAN- 

(l)  The  damps, or  vapors  mentioned  in  this  article  are  of  two 
kinds,  inflammable  and  uninflammable.  The  inflammable  kind  is 
probably,  as  the  author  believes,  fimilar  to  the  vapors  produced 
by  the  folutions  of  iron,  zinc,  tin,  and  perhaps  of  ot -er  metallic 
fubftances  in  vitriolic  and  marine  acid  .  See  Gas.  This  vapor 
is  chiefly  found  in  coal  mines,  and  fometimes  in  lead  mines,  as 
in  thofe  of  Mendip  hills.  Like  the  inflammable  vapor  of  metallic 
folutions,  it  is  lighter  than  atmofpherieal  air,  and  confequently 
floats  chiefly  near  the  roofs  cf  mines:  miners,  therefore,  when  it 
is  accidentally  inflamed,  or  when  they  purpofely  fet  fire  to  it, 
to  deftroy  it,  lie  flat  on  the  ground,  and  thus  efcape  burning. 
This  inflammable  vapor  may  perhaps  be  produced  by  the  de- 
compofition  of  pyritous  matters,  with  which  moll  mines,  efpeci- 
allycoal  mines,  abound.  In  this  decompofition  of  pyrites  expofed 
to  air  and  moifture,  the  vitriolic  acid  of  the  fulphur  attacks  and 
diflblves  the  iron,  while  the  inflammable  principle  of  the  fulphur 
is  difengaged,  and  forms  this  vapor. 

The  uninflammable  'vapors  of  mines  and  fubterranean  places  are 
much  more  noxious  than  the  former.  They  feem  to  be  fimilar 
to  the  uninflammable  vapors  produced  by  the  combuftion  of  in- 
flammable bodies,  as  of  charcoal,  and  by  fermenting  and  effer- 
vefcing  fubftances.  See  Gas.  Like  thefe,  they  are  noxious  to 
animals,  extinguilh  flame,  and  are  heavier  than  atmofpherieal 
air ;  for  they  are  chiefly  placed  at  the  bottom  of  the  pits  in  which 
they  are  found  :  accordingly,  in  the  cavern  near  Pyrmont,  men- 
tioned in  the  text,  a  man  may  ftand  upright  without  any  other 
inconvenience  than  an  uncommon  heat  of  his  lower  extremities, 
but  he  cannot  without  danger  keep  his  head  bent  down.  The 
fymptoms  attending  perfons  expofed  to  fuch  vapors  Ihew  fuffl- 
ciently  that  they  are  not  noxious  merely  by  interception  of 
common  air,  but  by  fome  quality  which  almoft  inftantly  affects 
and  deftroys  the  powers  of  animal  life.  Some  perfons  digging  in 
a  cellar  in  Paris  were  found  dead,  flifr  as  ftatues,  with  open  eyes, 
and  ftanding  in  the  pofture  of  digging.  At  Chartres,  in  France, 
a  perfon  going  down  into  a  cellar  into  which  a  baker  had  been 
ufed  to  throw  hot  embers  from  his  oven,  was  inftantly  killed; 
and  when  his  body  was  opened,  his  lungs  were  found  fpotted 
with  black  marks  j  his  interlines  Avoln,  red  and  inflamed;  and 
the  mufcles  of  his  legs,  thighs,  and  arms,  feemed  to  befeparated 
from  each  other  and  from  the  adjacent  parts.  See  Bomare's  Did. 
d'Hifloire  Naturelle,   at  the  nvord  Exhalaison. 
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D  E C  AN  T  A T I O  N.  By  this  word  is  meant  the  fepa- 
rating  of  a  clear  liquor  from  a  fediment,  by  pouring  i  t  gently. 

DECOCTION.  This  word  is  applied  to 'fignify 
either  the  action  of  boiling  a  fubftance  in  water,  or  the 
water  itfelf  in  which  the  fubltance  has  been  boiled. 

Decoction  is  only  applicable  to  matters  containing  fome 
principles  foluble  in  water;  fuch,  particularly,  are  vege- 
table and  animal  matters ;  and  this  operation  is  rather  ufed 
for  the  purpofes  of  medicine  than  of  chemiftry. 

It  is  neverthelefs  very  necefTary  to  know  well  the  nature 
and  principles  of  fubftances  fubjected  to  decoction,  that  it 
may  be  properly  managed,  and  that  the  principles  with 
which  the  water  becomes  impregnated  maybe  known. 

Thefe  principles  muit  evidently  be  fuch  as  arc  not  fuffi- 
ciently  volatile  to  rife  with  the  heat  of  boiling  water,  if  the 
decoction  mould  be  long  continued. 

Hence  it  follows,  that  plants,  or  other  matters  contain- 
ing volatile  principles,  cannot  be  proper  fubjects  of  decoc- 
tion, when  thefe  principles  are  required.  In  this  cafe  the 
matters  may  be  infufed  with  water  in  clofe  veflels  without 
heat,  or  with  a  heat  lefs  than  that  of  boiling  water. 

But  on  the  contrary,  when  it  is  not  intended  to  preferve 
the  volatile  parts,  or  when  the  matters  contain  none  that 
are  volatile,  then  decoction  may  be  employed.  It  even 
becomes  necefTary  when  the  matters  to  be  treated  are  folid, 
and  of  a  compact:  and  clofe  texture  ;  becaufe  then  the  water 
could  not  extract  its  principles  without  a  boiling  heat. 

Moft  foft  animal  matters,  as  flefh,  tendons,  fkins,  may 
be  boiled  conveniently  in  water ;  becaufe  they  contain  no 
principle  volatile  with  a  boiling  heat.  Water  extracts  from 
them  nothing  but  a  gelatinous  fubftance,  and  fome  oily- 
parts  which  float  on  the  furface  of  the  water. 

M.  Beaume  gives  an  account  of  two  perfons  that  were  expofed. 
to  the  damp  of  a  cellar  in  Paris.  One  of  them  died.  The  other 
was  with  difficulty  brought  to  life.  This  perfon  related,  that  the 
time  from  his  entry  into  the  cellar  to  that  when  he  loft  his  fenfes 
did  not  exceed  two  minutes  :  during  which  time,  he  neither  felt 
pain  nor  opprelTion.  At  the  inftantwhen  he  was  lofing  his  fenfes, 
he  found  himfelf  in  a  moft  pleafing  fituation  ;  an  inexpreHible 
delirium,  and  agreeable  reverie  took  pofTeflion  of  his  imagination. 
This  agreeable  fenfation  at  the  very  gates  of  the  tomb,  was  quite 
free  frcn  any  of  the  horrors  that  ufually  accompany  death.  At 
laft  he  loft  all  motion  and  fenfation,  and  remained  in  that  fitua- 
tion about  an  hour  and  a  half,  till  he  was  found  and  carried  up 
from  the  cellar.    Foxier.  Qbfer<vations  dc  la  pbyfiqm,  Jan.  1774. 
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Decoction  is  the  only  method  by  which  all  the  gelatinous 
fubftance  of  the  folid  parts  of  animals,  as  bones  and  horns, 
can  be  extracted. 

All  vegetable  matters  which  are  inodorous,  and  particu- 
larly thofe  which  are  hard,  as  roots,  barks,  are  generally  boil- 
ed when  an  extraction  of  their  principles  by  water  is  required. 

However,  many  of  thefe  fubftances  ought  not  to  be 
boiled  j  thofe  particularly,  the  principles  of  which,  when 
extracted  by  water,  fufter  fome  change  by  a  continued  heat. 
Peruvian  bark,  for  inftance,  which  is  inodorous,  and  con- 
tains nothing  volatile,  feems  capable  of  being  treated  with- 
out any  inconvenience  by  boiling  ;  neverthelefs,  Mr. 
Beaume  obferves,  in  his  Elements  of  Pharmacy,  that  the 
infufion  of  this  bark  made  without  heat  reallv  contains 
more  of  its  principles  than  the  decoction.  The  caufe  of 
this  is,  that  water  extracts  from  bark  not  only  the  fub- 
ftances of  which  it  is  naturally  a  menftruum,  liich  as  the 
gummy  and  extractive  matters,  but  alio  a  coafiderable  quan- 
tity of  refinous  fubftance,  which  keeps  well  diffolved  in  the 
water  by  means  of  the  former  matters,  till  it  is  expofed  to 
heat,  and  then  it  immediately  feparates  and  precipitates. 

Many  other  vegetable  matters  exhibit  the  fame  phenome- 
non ;  therefore  a  general  rule  may  be  eftablifhed,  that 
decoction  ought  not  to  be  employed  but  when  abfolutely 
neceflary,  that  is,  when  the  fame  principles  or  the  fame 
quantities  of  thefe  principles  cannot  be  obtained  by  -an 
infufion,  and  that  without  heat,  if  it  can  be  fo  done,  con- 
iidering  that  the  proximate  principles  of  vegetables  are 
generally  fo  delicate,  and  fo  fufceptible  of  change  and 
decompofition,  that  frequently  the  moft  gentle  heat  changes 
much  their  nature  and  properties.    See  Extracts. 

DECOMPOSITION  of  BODIES.  The  che- 
mical decompofition  of  bodies  confifts  in  the  difunion  and 
feparation  of  their  principles  and  conftituent  parts.  * 

This  decompofition -ought  necefiarily  to  be  diftinguifned 
from  a  mere  mechanical  divifion,.  as  the  following  reflections 
will  fhew. 


*  The  word  "Decompofition  is  ufed  by  Boyle,  Newton,  and  other 
Englifh  authors  very  differently  from  the  definition  given  in  the 
text.  Thefe  authors  employ  this  word  to  fignify  the  compofition 
or  junction  of  two  or  more  bodies  which  were  previoufly  com- 
pounded of  other  parts."  Many  late  Englifh  authors  have  how- 
ever adopted  the  French  fi6n:rication  of  the  words,  decompftion, 
and  to  decompof:. 

All 
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All  bodies  in  general,  or  portions  of  any  matter,  may  be 
-confidered  as  compofed  of  parts  leparable  from  each  other. 

We  cannot,  for  inftance,  conceive  an  atom  of  matter  fo 
fmall,  but  that  this  atom  may  be  confidered  as  divifible 
into  parts  frill  fmaller  ;  and  this  undoubtedly  has  given 
the  idea  of  the  infinite  divisibility  of  matter,  a  fubjecl:  which 
we  do  not  mean  to  examine  here,  becaufe  it  does  not  belong 
to  chemiftry;  belides  that,  it  is  like  all  thofe  in  which  the 
confideration  of  infinity  is  concerned,  that  is,  an  abfurdity 
feems  to  be  joined  with  evidence. 

As  chcmiftry  is  a  fcience  folely  founded  on  experience, 
we  (hall  confine  ourfeives  to  what  experience  teaches  con- 
cerning the  divifibility  of  bodies. 

But  we  are  certain  that  bodies  may  be  very  foon  reduced 
to  fo  fmall  parts  that  we  cannot  further  divide  them,  from 
the  deficiency  of  our  fenfes  and  of  our  inftruments. 

One  thing  is  very  remarkable  in  this  divifion,  called 
mechanical,  becaufe  it  is  performed  by  cutting  or  bruifing 
inftruments ;  that  is,  that  however  fmall  the  parts  be  into 
which  it  reduces  bodies,  thefe  parts  are  always  entirely  of 
the  fame  nature  as  the  body  from  which  thefe  parts  v/ere 
taken.  Thefe  fmall  parts  of  bodies  are  called  their  inte- 
grant parts.  Thus,  for  example,  the  fmalleft  atoms  into 
which  iron,  fait,  refin,  or  other  fubftance,  can  be  mechani- 
cally divided,  have  all  the  fame  properties,  excepting  quan- 
tity, which  the  mafs  had  before  the  divifion. 

Hence  we  ought  to  conclude,  that  this  mechanical  divifion 
cannot  feparate  bodies  but  into  homogeneous  parts,  or  parts 
of  the  fame  nature  :  and  if  we  had  no  other  method  of 
dividing  bodies,  the  compounds  would  always  remain  fuch  as 
nature  offers  to  us,  without  caufing  any  other  change  than 
a  diminution  of  quantity. 

The  fame  thing  would  happen,  if  all  natural  bodies  were 
equally  fimple  or  equally  compounded.  But  all  chemical 
experiments  fhew,  that  in  this  refpecl:  there  is  a  very  great 
diverfity. 

Some  bodies  are  fo  fimple  that  no  change  can  be  produced 
upon  them  by  any  efrbrt  of  art.  Thefe  are  called  by 
chemifts  elements,  or  primitive  principles.  But  thefe 
fimpler  bodies,  the  parts  of  which  are  evidently  more  fmall 
and  fine  than  thofe  of  bodies  lefs  fimple,  become,  in  the 
hands  of  chemifts,  inftruments  capable  of  dividing  thefe 
latter  much  further  than  can  be  done  by  mechanical  in- 
ftruments. Thefe  fimple  bodies  are  capable  of  dividing 
molecules,  which  would  be  ftill  imperceptible  by  our  fenfes, 

T  3  although 
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although  they  were  much  laiger  than  they  are  when  they 
have  undergone  tins  inviiible  divifion. 

To  illultrate  this  by  an  example.  Let  u$  fuppofe  a 
metallic  mafs  compofed  of  mercury  and  gold,  in  fuch  pro- 
portion that  no  mercury  can  be  forced  out 'from  the  mafs 
by  expreffion,  which  is  a  mechanical  method.  I  fay  then, 
that  the  mechanical  divifion  which  could  be  made  of  this 
compound,  would  only  feparate  i\  into  fmaller  and  fmaller 
molecules,  c;;ch  of  which  would  be  of  the  fame  nature  as 
the  original  mafs,  that  is  to  fay,  compofed  of  an  equal  pro- 
portion of  mercury  and  gold. 

If  indeed  we  had  inftruments  and  fenfes  fufficiently  fine, 
we  might  at  length  come  to  molecules,  each  of  which  would 
be  compofed  of  one  atom  of  mercury  and  gold,  which  .by 
one  divifion  more  would  be  feparated  into  two  atoms,  one 
of  each  of  the  two  metals  diflintlly.  Thus  we  might  obtain 
the  mercury  and  the  gold  feparately,  and  confequently 
effecT:  a  decompofition  of  the  compound  fuhftance  fubje&ed 
to  this  mechanical  divifion ;  but  the  impoffibility  of  fuch  a 
divifion  is  fufficiently  demonftrated. 

Yet  what  mechanical  inftruments  cannot  do,  fire,  which 
is  one  of  thofe  fimple  bodies  we  have  mentioned,  is  capable 
of  performing.  The  primary  parts  of  this  element,  much 
finer  than  th^ofe  of  gold  or  of  mercury,  become  in  the  hands 
of  chemifts  inftruments  inconceivably  fine,  which  efFect  a 
feparation  of  mercury  from  gold,  confequently  reduce  to  its 
elements  or  principles  the  compound  which  has  been  fub- 
jecred  to  their  action,  and  thus  analyfe  or  chemically  de- 
compofe  it.    See  Analysis. 

DECREPITATION.  By  decrepitation  is  meant 
the  quick  feparation  of  the  parts  of  a  body,  occafioned  by  a 
ftrong  heat,  and  accompanied  with  noife  and  crackling. 
This  effect  is  molt  frequently  produced  by  water  contained 
betwixt  the  parts  of  a  decrepitating  body,  when  thefe  parts 
have  a  certain  degree  of  adhefion  together.  This  water 
being  quickly  reduced  into  vapors  by  the  heat  fuddenly 
applied  to  it,  rarefies  and  burfts  with  noife  the  parts  which 
comprefs  it. 

The  bodies  moft  fubjecl:  to  decrepitation  are  certain  falts, 
fuch  as  common  fait,  vitriolated  tartar,  nitre  of  lead,  the  de- 
crepitation of  all  which  proceeds  from  the  water  of  their 
cryftallization,  clays  which  are  not  perfectly  dry,  and  flints. 

D ELF-WARE.  This  is  a  kind  of  pottery  of  baked 
earth,  covered  with  an |  enamel  or  white  glazing,  which 
gives  it  the  appearance  and  neatnefs  of  porcelain. 

Some 
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Some  kinds  of  this  enamelled  pottery  differ  much  from 
others,  either  in  their  fuftaining  fudden  heat  without 
breaking,  or  in  the  beauty  and  regularity  of  their  forms, 
of  their  enamel,  and  of  the  painting  with  which  they  are 
ornamented.  , 

In  general,  the  fine  and  beautiful  enamelled  potteries, 
which  approach  the  neareft  to  porcelain  in  external  ap- 
pearance, are  at  the  fame  time  thofe  which  leaft  refift:  a  brifk 
fire.  Again,  thofe  which  fuftain  a  fudden  heat  are  coarfe, 
and  refemble  common  pottery. 

The  bails  of  this  pottery  is  clay,  which  is  to  be  mixed 
when  too  fat  with  fuch  a  quantity  of  fand,  that  the  earth 
fhall  preferve  enough  of  its  duitility  to  he  worked,  moulded, 
and  turned  eafily,  and  yet  that  its  fatnefs  (hall  be  fufiiciently 
taken  from  it,  that  it  may  not  crack  or  fhrink  too  much  in 
drying  or  in  baking. 

Velfels  formed  of  this  earth  muft.be  dried  very  gently  to 
avoid  cracking.  They  are  then  to  be  placed  in  a  furnace 
to  receive  a  flight  baking,  which  is  only  meant  to  give 
them  a  certain  confiftence  or  hardnefs.  And,  laftly, 
they  are  to  be  covered  with  an  enamel  or  glazing,  which 
is  done  by  pouring  upon  the  veiTels  thus  prepared,  the 
enamel  which  has  been  ground  very  fine  and  diluted  with 
water. 

As  veffels  on  which  the  enamel  is  applied  are  but  flightly 
baked,  they  readily  imbibe  the  water  in  which  the  <  namel  is 
iufpended,  and  a  layer  of  this  enamel  adheres  to  their  furface. 
Thefe  veiTels  may  then  be  painted  with  colors  compofed  of 
metallic  calxes  mixed  and  ground  with  a  fufible  glafs. 
When  they  are  become  perfectly  dry,  they  are  to  be  placed 
in  the  furnace  included  in  cafes  of  baked  earth,  called  feggars^ 
and  expofed  to  a  heat  capable  of  fufing  uniformly  the  enamel 
which  covers  them. 

This  heat,  given  to  fufe  the  enamel,  being  much  ftronger 
than  that  which  was  applied  at  firft  to  give  fome  confiftence 
to  the  ware,  is  alfo  the  heat  necefiary  to  compleat  the 
baking  of  it.  The  furnace  and  the  colors  ufed  for  painting 
this  ware  are  the  fame  as  thofe  employed  for  porcelain.  See 
Porcelain. 

The  glazing,  which  is  nothing  but  white  enamel,  ought 
to  be  fo  opake  as  not  to  fhew  the  ware  under  it.  Many 
receipts  for  making  fuch  enamels  may  be  found  in  Neri's 
Treatife  on  the  Art  of  Making  Glafs,  with  Kunkel's  Notes, 
and  in  the  Encyclopedia,  both  which  books  may  be  con- 
fulted  on  this  fubject.    We  (hall  only  obferve  in  general, 

T  4  that 
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that  all  thefe  enamels  for  delf-ware  are  compofed  of  fand 
or  flints,  vitrifying  falts,  calx  of  lead,  and  calx  of  tin  ; 
and  that  the  fand  muft  be  perfectly  vitrified  fo  as  to  form  a 
glafs  considerably  fufible.  Somewhat  lefs  than  an  equal  part 
of  alkalin\  fait,  or  twice  its  weight  of  calx  of  lead,  is  rer 
quifite  to  efFec~t  fuch  vitrification  of  fand.  The  calx  of 
tin  is  not  intended  to  be  vitrified,  but  to  give  a  white  opake 
color  to  the  mafs  ;  and  one  part  of  it  is  to  be  added  to  three 
pr  four  parts  of  all  the  other  ingredients  taken  together. 

From  thefe  general  principles,  various  enamels  may  be 
made  to  fuit  the  different  kinds  of  earths  to  which  they  are 
to  be  applied. 

To  make  this  enamel,  lead  and  tin  are  calcined  together 
with  a  fcrong  fire,  and  the  fand  is  alfo  to  be  made  into  a 
fritt  with  the  fait  or  allies.  The  whole  is  then  to  be  well 
mixed  and  ground  together.  This  matter  is  then  to  be 
placed  under  the  furnace,  where  it  is  melted  and  vitrified 
during  the  baking  of  the  ware.  Then  it  is  to  be  ground  in 
a  mill,  and  applied  as  we  have  directed.  See  Clay,  Pot- 
tery, Porcelain,  ^Vitrification,  (m) 

DELI- 

(m)  M.  Bofc  a"  Antic  has  publifheda  memoir  concerning  Del/- 
nuare  in  the  Mem.  a'es  S^ai-ans  Etrang.  'Tom.  6.  From  this 
rnemoir  tne  following  obfervaticns  are  taken. 

Pure  clay  is  not  a  fit  material  when  ufed  alone  for  the  making 
of  Delf-ware.  Liferent  kinds  of  earths  mixed  together  are  found 
to  fucceed  better.  Pieces  of  ware  made  of  clay  alone  would 
require  too  much  time  to  dry,  they  would  crack,  and  would  lofe 
their  form,  unlefs  they  were  made  exceedingly  thick.  An  addi- 
tion of  marie  is  found  to  lefen  the  contraction  of  the  clay ; 
renders  it  lefs  compact;  allows  the  water  to  efcape,  in  the  drying 
of  the  ware,  without  alteration  of  form ;  and  aifords  a  better 
ground  for  the  enamel,  which  appears  more  gloiTy  and  white, 
than  when  laid  on  clay  alone. 

The  kinds  of  clay  which  are  chiefly  ufed  in  the  ccmpofition  of 
Delf-ware,  are  the  blue  and  green.  But  a  mixture  of  blue  clay 
and  marie  would  not  be  fufficier.tly  fo'id,  and  would  be  apt  to 
fcale,  unlefs  it  were  expofed  to  a  fire  more  intenfe  than  what  is 
commonly  ufed  for  the  burning  of  Deif-ware.  To  give  a  greater 
folidity,  fome  red  clay  is  added,  which  on  account  cf  its  ferru- 
ginous matter  poffeiTes  the  requiiite  binding  quality.  The  pro- 
portions of  thefe  ingredients  vary  in  different  works,  according 
to  the  different  qualities  of  the  earths  employed.  Three  parts  of 
blue  clay,  two  parts  of  red  clay,  and  five  parts  of  marie,  form  the 
compofition  ufed  in  feveral  manufactories.  M.  D'Antic  thinks 
that  the  belt  delf  might  be  made  of  equal  parts  of  pure  clay  and 

pure 
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DELIQUESCENCE.    We  underftand  by  deliquef- 

cence  the  property  which  certain  bodies  have  to  attract 
moifture  from  the  air,  and  of  becoming  thereby  liquid. 

This  property  is  never  found  but  in  faline  fubftances,  or  in 
matters  containing  them.  It  is  caufed  by  the  great  affinity 
which  faline  fubftances  have  with  water.  Hence,  the  more 
fimple  thefe  fubftances  are,  the  more  alfo  they  are  deliquef- 
cent.  Acids,  for  inftance,  and  certain  alkalis,  which  are 
the  moft  fimple  of  faline  fubftances,  are  alfo  the  moft  deli- 
quefcent.  Mineral  acids  are  fo  deliquefcent  that  they 
ftrongly  imbibe  moifture  from  the  air,  although  they  are  al- 
ready mixed  with  a  fufficient  quantity  of  water  to  be  fluid. 
For  this  purpofe  it  is  fufficient  that  they  be  concentrated 
only  to  a  certain  d.  gree. 

Many  neutral  falts  are  deliquefcent,  chiefly  thofe  whofe 
bafes  are  not  faline  fubftances.  Their  acids  are  but  imper- 
fectly faturated  ;  and  although  they  do  not  give  the  fame 
marks  of  acidity  as  when  quite  difengaged,  they  may  be 
confidered  as  ftill  pofTeffing  enough  of  their  activity  to  ex- 
ercife  it  on  the  moifture  of  the  circumambient  air.  This 
proves  that  the  acids  of  neutral  deliquefcent  falts  are  in  an 
intermediate  ftate  betwixt  that  of  an  acid  quite  difengaged, 
and  that  of  one  perfectly  faturated  and  combined. 

All  the  phenomena  which  falts  prefent  relatively  to  their 
deliquefcence,  are  fo  many  proofs  of  what  we  have  affirm- 
ed on  this  fubjecT:. 

Salts  formed  by  vitriolic  acid  with  fixed  or  volatile  alka- 
lis, earths,  or  metallic  fubftances,  are  not  deliquefcent; 
although  this  acid  be  the  ftrongeft  of  all,  and  which,  when 
difengaged,  moft  powerfully  attracts  moifture  from  the  air. 
But  its  greater  ftrength  is  the  real  caufe  of  its  forming  fo 
complete  and  intimate  combinations  with  thefe  f?veral 
fubftances  as  to  form  neutral  falts  which  are  not  deliquef- 
cent. 

pare  calcareoas  earth  ;  but  this  compofition  would  require  that 
the  fire  mould  be  continued  twice  as  long  as  it  generally  is* 

The  preparation  of  the  white  enamel  with  which  this  ware  is 
glazed,  is  another  elTential  part,  in  which  many  artifts  fail  M. 
D'Antic  recommends  for  this  purpofe  a  mixture  of  a  hundred 
pounds  of  calx  of  lead  ;  with  about  a  feventh  part  of  that  quan- 
tity of  calx  of  tin  for  common  cfelf,  or  a  fourth  part  of  taix  of  tin 
for  the  fmtft  delf ;  a  hundred,  or  a  hundred  and  ten  pounds  of 
fine  fand ;  and  about  twenty  or  thirty  pounds  of  fea-fait,  or  fait 
pi  glafs. 

The 
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The  nitrous  and  marine  acids  form  with  abforbent  earths 
and  certain  metallic  fubftances,  particularly  with  iron  and 
copper,  deliquefccnt  falts,  from  the  weaknefs  of  the  union 
which  they  contract,  with  thefe  matters..  Thefe  acids  form 
with  filver,  mercury,  lead,  and  bifmuth,  falts  which  are 
not  deliquefcent,  becaufe  they  combine  more  intimately 
and  completely  with  thefe  latter  metals. 

Singular  phenomena  are  prefented  by  vegetable  acids  re- 
latively to  the  deliquefcence  of  the  neutral  falts  formed  by 
them.  The  acid  of  vinegar  united  with  fixed  vegetable 
alkali  forms  a  very  deliquefcent  fait,  called  terra  follata 
tartari.  The  fame  acid  forms  with  copper  a  fait  that  is 
not  deliquefcent,  as  we  fee  in  the  inftance  of  cryjiah  of 
copper.  Thefe  effects  are  directly  contrary  to  thofe  pro- 
duced by  the  nitrous  and  marine  acids  united  with  the  fame 
fubftances  j  for  thefe  acids  form  with  fixed  vegetable  alkali 
falts  which  are  not  deliquefcent,  and  with  copper  falts 
which  are  very  deliquefcent. 

The  acid  of  tartar,  wThich  when  difengaged  is  in  a  con- 
crete Urate,  and  far  from  being  deliquefcent,  fince  it  is 
fcarcely  foluble  in  water,  forms  with  iron  (another  fub- 
ftance  frill  lefs  foluble)  a  very  deliquefcent  foluble  tartar, 
known  by  the  name  of  tartarijed  tinclure  of  iron. 

Many  refearches  and  experiments  remain  yet  to  be  made 
to  explain  entirely  the  caufes  of  thefe  fingular  effects.  But 
probably  the  deliquefcence  or  oppofite  quality  of  falts  will 
be  found  to  depend  on  the  flate  of  their  acids,  as  we  have 
already  faid. 

The  fixed  vegetable  alkali  is  deliquefcent,  the  mineral  is 
not.  The  caufe  of  which  undoubtedly  is,  that  the  faline 
principle  of  the  latter  alkali  is  combined  more  intimately, 
or  with  a  greater  quantity  of  matter  not  faline,  than  that  of 
the  former,  as  the  other  properties  of  thefe  two  alkalis  in- 
dicate.   See  Alkali. 

Fixed  vegetable  alkali  treated  with  quicklime  becomes 
more  deliquefcent.  Volatile  alkalis,  which  are  naturally 
hot  deliquefcent,  become  by  treatment  with  quicklime  deli- 
quefcent. We  cannot  explain  thefe  phenomena  without 
fuppofing  that  quicklime  takes  from  alkalis  in  general  a 
portion  of  oily  or  other  matter,  which  binds  and  faturates 
their  faline  principle,  when  in  their  natural  {late. 

The  dry  extracts  of  almoft  all  vegetable  matters  eafily 
moiften  in  the  air.  But  they  certainly  poffefs  this  proper- 
ty fo  much  more  evidently,  as  a  greater  quantity  of  earthy 
or  refinous  matter,  which  is  always  depofited  during  the 
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evaporation,  has  been  previoufly  feparated  from  their  infu- 
fions  and  decoctions. 

Before  we  finifh  this  article  we  ought  to  obferve,  that 
fome  bodies  which  are  not  dcliquefcent  attract  moifture 
from  the  air,  and  even  become  liquid,  that  if  they  be 
faline  or  foluble  in  water.  This  happens  when  bodies  are 
much  colder  than  the  air  to  which  they  are  expofed.  The 
reafon  of  it  is,  that  the  moifture  contained  in  the  air  being 
always  in  the  ftate  of  inlenfible  vapors,  is  condenfed  by 
the  cold  of  the  bodies  it  touches,  and  is  collected  in 
drops.  This  effect  is  very  different  from  a  true  deliquef- 
cence ;  but  it  deferves  to  be  taken  notice  of,  to  prevent 
miftakes  in  experiments. 

Laftly,  we  muft  remark,  that  fome  bodies,  after  having 
been  a  long  time  expofed  to  the  air,  may  remain  apparent- 
ly dry,  although  they  really  be  in  the  difpofition  of  deli- 
quefcfmt  bodies,  that  is,  attract  much  moifture  from  the 
ambient  air.  Such,  for  inftance,  is  quicklime,  which  im- 
bibes from  the  air  its  equal  weight  of  moifture,  and  re- 
tains, notwithftanding,  its  dry  and  powdery  appearance. 
This  proceeds  from  the  great  'quantity  of  earthy  parts  with 
which  thofe  parts  of  the  quicklime  are  mixed,  which  may 
be  confidered  as  deliqueicent,  although,  in  fact,  they  do 
not  refolve  into  a  liquor. 

DEL1QJJIUM.  This  term  is  frequently  employed 
by  cher.iifts  to  characterize  a  body  which  is  refolved  into  a 
liquor  by  expofure  to  air.  In  this  fenfe  they  talk  of  the 
deliquium  of  a  fait,  as  of  fait  of  tartar,  for  inftance.  This 
word  is  alfo  frequently  ufed  inftead  of  deliquefcence.  Thus 
we  fay,  that  a  fait  falls  into  a  deiiquium,  to  iignify  that  it 
is  deliquefcent. 

DEMI -  METAL.  The  fame  as  Semi-metal  j  which 
fee, 

DEPHLEGMATION.  Dephlegmation  is  an  ope- 
ration by  which  the  fuperabundant  water  of  a  body  is  taken 
from  it ;  and  it  is  principally  effected  by  evaporation  or 
diftillation.  Dephlegmation  is  alfo  called  concentration, 
particularly  when  acids  are  the  fubject.  See  Concentra- 
tion. 

DETONATION.  By  the  word  detonation  chemifts 
underftand  an  explofion  with  noife  made  by  the  fudden  in- 
flammation of  fome  combuftible  body.  Such  are  the  explo- 
fions  of gun-powder \,  fulminating  gold^  and  fulminating  powder. 
As  nitre  is  the  caufe  of  molt  explofions,  the  word  detonation 
has  been  appropriated  to  the  inflammation  of  the  acid  of  this 
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fait  with  bodies  containing  phiogifton,  arid  it  is  frequently 
given  to  thofe  inflamations  of  nitrous  acid  which  are  not 
accompanied  with  explofton.  Thus  nitre  is  faid  to  detonate 
with  fulphur,  with  coals,  with  metals,  although  in  the 
ordinary  method  of  making  thefe  operations,  that  is,  in 
open  crucibles,  and  with  fmall  quantities  of  detonating  fub- 
ftances,  the  nitre  does  not  truly  explode. 

DETONATION*/  NITRE.  The  detonation  of 
nitre  is  one  of  the  moft  important  phenomena  of  chemiftry. 
It  confifts  in  the  inftantaneous  inflammation  and  decompo- 
fition  of  the  acid  of  nitre,  when  it  immediately  touches  com- 
buftibie  bodies,  the  phiogifton  of  which  is  ignited,  or  when 
the  acid  is  ignited. 

By  two  methods  then  may  nitre,  or  rather  its  acid  be  in- 
flamed. The  firft  method  is  by  applying  it  to  a  red-hot 
cornbuftible  body  ;  and  the  fecond  is  by  making  the  acid 
itfelf  red-hot,  and  applying  a  cornbuftible  body  to  it  in  that 
ftate. 

A  very  necefTary  remark  is,  that  nitre  cannot  detonate 
without  the  concurrence  of  thefe  circumftances  now  men- 
tioned. Nitre  may  be  made  red-hot,  or  of  any  degree  of 
heat,  without  mewing  any  fign  of  inflammation,  provided 
it  does  not  touch  any  inflammable  matter. 

On  the  other  lide,  nitre  may  be  heated,  and  a  cornbuftible 
body  applied  to  it  without  any  inflammation.  For  this  pur- 
pofe,  the  nitre  need  only  be  not  fufHciently  hot  to  kindle 
the  inflammable  bodies  applied  to  it.  Meflrs.  Macquer 
and  Beaume  fhow,  in  their  courfe  of  chemiftry,  an  experi- 
ment which  clearly  proves  this  truth.  Some  nitre  is  put 
into  a  crucible,  and  -there  completely  fufed  by  a  heat  juft 
fufHcient  for  that  purpofe  :  when  a  black  coal  is  thrown 
into  this  fufed  nitre,  no  inflammation  arifes,  becaufe  the 
nitre  may  be  melted  with  a  degree  of  heat  which  is  not 
fuflicient  to  kindle  cornbuftible  bodies  ;  and  this  degree  of 
heat  is  neceftary  for  the  fuccefs  of  the  experiment. 

But  when  nitre  is  red-hot,  and  a  coal  is  applied  to  it, 
kindled,  or  not  kindled,  then  it  is  inflamed  with  violence, 
and  makes  the  coal  burn  rapidly.  The  fame  event  happens 
when  nitre  is  thrown  upon  burning  coals.  This  inflame 
mation  lafts  while  thefe  two  fubftances  touch,  and  any 
acid  remains  in  the  nitre.  During  this  detonation  a  con- 
fiderable  fmoke  rifes  ;  but  this  fmoke  contains  no  acid,  as 
the  experiment  of  the  clyfius  of  nitre  made  in  clofe  veflfels 
fuiHciently  proves.    See  Clyssus  o/Nitre. 
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When  all  the  nitrous  acid  is  thus  burnt,  and  no  longer 
any  inflammation  is  excited,  although  more  coals  are  added, 
if  we  examine  what  remains  in  the  crucible,  we  fliall  find 
that  it  is  the  fixed  alkali  which  was  the  bafis  of  the  nitre. 
This  alkali  is  called  fixed  or  alkali  fed  nitre.  See  tbefe  words  y 
and  Alkali  (Fixed  Vegetable.) 

The  detonation  may  be  rendered  more  eafy  and  fudden  by 
making  the  nitre  touch  the  inflammable  matter  in  a  greater 
number  of  parts ;  fo  that  when  thefe  two  fubftances  are 
divided  into  very  minute  parts,  which  are  well  mixed  and 
interpofed  betiwxt  each  other,  the  detonation  is  almoft  in- 
ftantaneous,  and  is  as  ftrong  as  it  can  be  made.  When  the 
fubftances  are  thus  prepared,  they  may  be  at  once  inflamed 
by  a  fmall  fpark  of  ignited  matter ;  becaufe  the  ignitfon  is 
very  quickly  and  almoft  inftantaneoufly  communicated  by 
fmall  intervals.  From  the  accurate  mixture  of  the  two 
detonating  fubftances  proceeds  the  great  force  and  violence 
of  gun-powder.    See  Powder  (Gun). 

Hence  we  may  learn  to  avoid  the  violence  of  detona- 
tions in  chemical  operations,  by  mixing  very  imperfectly 
the  nitre  with  the  combuftible  fubftances. 

Let  us  now  confider  what  paries  in  the  detonation  cf 
nitre.  Mr.  Macquer,  in  his  Elements  of  Chemiftry,  con- 
jectures that  the  detonation  of  nitre,  which  is,  properly 
fpeaking,  the  inflammation  of  the  nitrous  acid,  cannot  take 
place,  unlefs  a  combination  be  previoufly  formed  betwixt 
this  acid  and  the  phlogifton  of  the  combuftible  fubftance 
ufed  for  the  detonation ;  that  this  combination  is  entirely 
fimilar  to  that  of  vitriolic  acid  with  phlogifton  when  fulphur 
is  formed ;  and  that,  in  the  prefent  inftance,  a  nitrous 
fulphur  is  produced  ;  but  that  this  fulphur  is  infinitely  more 
combuftible  than  the  vitriolic  fulphur,  for  a  reafon  we  ftiall 
foon  fee,  and  even  fo  combuftible,  that  it  cannot  exift 
an  inftant  without  being  entirely  burnt;  hence  it  is  in- 
flamed wivh  extreme  rapidity  and  violence  as  foon  as*  it  is 
formed. 

The  moft  effential  circumftances  attending  the  detona- 
tion of  nitre  concur  in  rendering  this  opinion  probable, 
that  is,  to  eftablifh  the  preliminary  exiftence  of  this  nitrous 
fulphur. 

Firft,  vitriolic  fulphur  cannot  be  formed  by  vitriolic  acid 
engaged  with  a  fixed  alkali,  unlefs  this  acid  be  deprived  of 
all  the  water  fuperabundant  to  its  faline  eflence,  and  in  a 
dry  ftate,  when  it  is  appliedto  phlogifton. 
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In  the  fecond  place,  to  effecl:  this  combination,  a  degree 
of  heat  equal  to  that  of  ignition  muft  be  applied. 

Thirdly,  as  in  fulphur  not  a  particle  of  oil  exifts,  but  the 
vitriolic  acid  is  united  to  pure  phlogifton,  as  the  illuftrious 
Stahl  has  fully  demonftrated  ;  if,  therefore,  an  inflam- 
mable matter,  which  is  in  an  oily  ftate,  be  ufed  for  the 
formation  of  fulphur,  it  muft  be  nrft  decompofed,  and 
reduced  to  the  Hate  of  coal,  before  the  fulphur  can  be  pro- 
duced. See  Sulphur.  But  thefe  are  precifely  the  fame 
conditions  which  are  neceflary  for  the  detonation  of  nitre ; 
for  fince  the  acid  of  nitre  cannot  detonate  unlefs  it  be  ignited, 
it  muft  be  evidently  deprived  of  all  the  water  fuperabundant 
to  its  faline  e {fence. 

In  the  fecond  place,  experience  mews  that  nitre  cannot 
detonate  with  any  matter  which  is  in  an  oily  ftate ;  for  if 
nitre  be  ignited  in  a  crucible,  and  oil,  refin,  fat,  or  other 
inflammable  matter  of  this  kind  be  added  to  it,  no  detona- 
tion will  happen  while  the  inflammable  matter  remains  in 
its  oily  ftate,  or  till  it  be  burnt,  decompofed,  and  reduced 
to  a  coal ;  then  the  detonation  commences,  and  is  always 
proportionable  to  the  quantity  of  coal  produced  by  the  in- 
flammable matter. 

Some  fubftances,  the  phlogifton  of  which  is  certainly  in 
an  oily  ftate,  fuch  as  tartar,  faw-duft  of  wood,  and  others 
of  this  kind,  do  indeed  detonate  with  nitre  almoft  as  readily 
as  powder  of  charcoal  :  but  we  may  eafily  perceive  that  the 
caufe  of  this  is,  that  the  oil  of  thefe  fubftances,  being 
j  divided  by  the  interpofition  of  a  large  quantity  of  incom- 
|  buftible  matters,  may  be  exceedingly  foon  reduced  to  the 
I  ftate  of  coal  by  the  heat  of  ignition. 

Several  facts  intimately  connected  with  the  detonation 
of  nitre  may  be  naturally  deduced  from  this  theory,  and 
confequently  become  additional  proofs  of  it. 

Let  nitrous  acid,  as  much  dephlegmated  as  poflible,  be 
poured  upon  black  coals,  as  dry  and  hot  as  they  can  be 
made,  under  a  red-heat,  no  detonation  or  inflammation  will 
enfue.  This1  is  not  furprifing,  fince  all  the  neceflary  con- 
ditions for  the  production  of  nitrous  fulphur  are  wanting 
here,  and  fince,  in  fimilar  circumftances  fulphur  could  net 
be  formed  by  vitriolic  acid. 

If  an  ardent  coal  be  plunged  into  the  ftrongeft  nitrous 
acid,  a  detonation  begins  at  the  furface  of  the  coal,  which 
very  foon  ceafes  ;  the  coal  is  extinguifhed,  becomes  black, 
and  is  not  affected  by  the  acid.  The  fhort  detonation  upon 
the  furface  of  the  coal  may  be  confidered  as  accidental,  and 
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not  belonging  to  the  experiment ;  othervvife  the  detonation 
would  continue  while  the  acid  lafted.  This  detonation  can 
only  be  caufed  by  a  fmall  quantity  of  nitre,  formed  inftanta- 
neoufly  by  the  acid  uniting  with  fome  fmall  portion  of  alka- 
line fait  contained  in  the  allies  of  the  coal,  which  happen  to  lie 
on  its  furface  :  therefore,  when  this  fmall  quantity  of  nitre  is 
confumed,  the  coal  is  extinguifhed,  and  the  detonation  ceafes  , 
and  all  this  ought  to  happen  becaufe  the  molt  dephlegmated 
nitrous  acid  contains  always  a  confiderable  quantity  of  water 
fuperabundant  to  its  faline  efTence  ;  and  as  it  is  not  in  the  pte- 
fent  experiment  retained  or  fixed  by  any  bans,  it  diffipates  in 
vapors  before  it  can  be  totally  dephlegmated  by  the  heat  of  the 
ardent  coal :  hence  in  this  experiment  no  nitrous  fulphur  Cart 
be  formed  ;  neither  can  vitriolic  acid  form  vitriolic  fulphur  in 
fimilar  circumftances,  but  only  volatile  fulphureous  acid. 

From  thefe  facts  we  may  conclude,  that  nitrous  acid, 
while  free,  that  is,  not  engaged  in  any  bafis,  cannot  ever 
contract  with  phiogifton  fuch  an  union,  as  that  a  fulphure- 
cus  compound,  or  nitrous  fulphur,  fhall  be  formed  ;  not 
only  becaufe  of  the  fuperabundant  water  it  always  contains, 
but  alfo  becaufe,  from  its  want  of  fixity,  it  cannot  be  de- 
prived of  this  fuperabundant  water  in  the  very  act:  of  com- 
bination :  we  may  therefore  affirm  as  a  general  and  efta- 
blifhed  principle,  that  difengaged  nitrous  acid  is  not 
capable  of  detonation.  If  then  this  pure  acid  inflames  oils 
mixed  with  it,  this  inflammation  proceeds  from -a  very 
different  caufe  than  the  true  detonation  of  nitre,  as  Mr. 
Macqucr  has  (hewn  in  his  Elements  of  Chcmiftry  ^  nitre 
and  difengaged  nitrous  acid  being  very  different  from  each 
other,  particularly  with  regard  to  detonation.  See  Inflam- 
mation of  Oils. 

What  we  have  faid  on  this  fubject  clearly  fnews  why 
combinations  of  nitrous  acid  with  certain  bafes  form  nitres 
fufceptible  of  a  ftrong  detonation,  while  others  of  the  fame 
acid  with  different  bafes  detonate  weakly  or  not  at  all ; 
thefe  differences  depending  on  the  greater  or  lefs  adhefion  of 
the  nitrous  acid  with  its  bafis.  All  thofe  nitrous  falts  in 
which  the  acid  is  fo  firmly  fixed  and  retained  by  its  bafis, 
that  it  may  be  entirely  dephlegmated  and  ignited,  are  fuf- 
ceptible of  a  ftrong  detonation  ;  fuch  are  ordinary  nitre, 
cubic  nitre,  nitrous  ammoniacal  fait,  nitres  of  filver,  of  mercury, 
of  lead,  and  of '  bifmuth;  of  all  which  ordinary  nitre  detonates 
moll:  violently,  and  is  the  only  one  of  which  good  gun- 
powder can  be  made ;  becaufe  the  fixed  vegetable  alkali, 
which  is  the  balls  of  nitre,  has  a  ftronger  adhefion  to 
3  nitrous 
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nitrous  acid  than  an)/  other  of  the  fubftances  fcluble  by  this 
acid. 

On  the  contrary,  all  combinations  in  which  nitrous  acid 
is  only  weakly  united,  do  not  detonate,  or  very  weakly. 
Such  are  nitres  with  bafes  of  calcareous  earths,  of  copper,  (n) 

°f 

(n)  Nitre  with  bails  of  copper  is  capable  of  detonating  by 
contact  with  tin  ;  the  nitrous  acid  acting  on  the  tin  fo  violently 
as  to  produce  heat  fufncient  for  the  detonation.  This  experiment 
is  thus  defcribed  by  Dr.  Hi'ggins,  in  the  Phil.  Tranf.  Vol.  63. 

"  Several  pieces  of  thin  fh.  et-copper  placed  vertically  and  at 
a  fmall  diftance  from  each  other  in  the  ftrong  nitrous  acid, 
dilated  with  half  its  quantity  or  more  of  water,  and  fuffei;ed  to 
remain  in  a  clofe  vefTel  until  the  acid  is  faturat'ed,  arrord  a  crystal- 
line blueifh-  green  fait,  which  is  to  be  feparated  from  the  undif- 
folv  ed  copper  and  the  fuperfluent  green  liquor,  and  kept  in  a  well 
corked  bottle  ;  becaufe  on  expofure  to  air  it  deliquefces. 

*c  This  fait  taken  moift,  but  not  very  wet,  and  beaten  to  the 
finenefs  of  bafket  fea-iah  in  a  mortar,  is  to  be  ftrewed  to  the 
thicknefs  of  a  milling  on  a  piece  of  tin-foil  twelve  inches  iri 
length  and  three  in  breadth. 

"  Then  the  foil  is  to  be  inftantly  rolled  up  fo  as  to  include 
the  fait  as  it  lay  between  the  coils4  The  ends  are  to  be  fhut  by 
pinching  them  together,  and  the  whole  is  to  be  preiTed  flat  and 
clofe. 

e<  All  this  being  done  as  quick  as  pomble,  the  firft  phenomenon 
is,  a  part  of  the  fait  deliquefces. 

"  2.  This  part  impregnated  with  tin  changed  in  color,  and  of 
a  thicker  confiftence,  begins  to  froth  forth  from  the  ends  of  the 
coil. 

"  3.  A  ftrong  frothing,  accompanied  with  nioderate  warmth* 
<£  4.  The  emiffion  of  copious  nitrous  fumes. 
f£       Heat  intolerable  to  the  fingers. 

u  6.  Explofion  and  lire  which  burfl  and  fufe  the  tin-foil  in 
feveral  places,  if  it  be  very  thin. 

<£  After  many  experiments  and  conjectures,  I  discovered  a  pro- 
perty in  the  cupreous  fait,  from  which,  and  the  known  afFinities  of 
the  bodies  concerned,  thefe  appearances  may  be  accounted  for. 

*e  The  cupreous  fait  properly  dried  and  placed  where  it  can 
receive  a  heat  not  much  greater  than  what  the  hand  can  bear, 
takes  fire.  The  circumftances  which  favour  this  ignition,  and 
contribute  to  produce  it  in  the  fmalleft  degree  of  heat,  concur 
in  the  following  convenient  method  of  trying  the  experiment. 

"  A  piete  of  foft  bibulous  paper  is  to  be  dipped  in  the  nitrous 
folution  of  copper,  and  dried  before  the  fire  two  or  three  times 
alternately.  Then  it  is  to  be  approached  towards  the  hea%  as 
near  as  can  be  borne  by  the  hand  which  holds  it  without  pain ; 

there, 
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if  iron,  of  tin,  of  regulus  of  antimony ;  thefe  being  all  nitrous 
falts  in  which  the  acid  adheres  weakly;  as  their  deliquefcent 
quality,  and  the  facility  with  which  fire  detaches  this  acid 
from  them,  fufficiently  (hew. 

We  fhall  now  examine  what  happens  in  the  very  act  of 
the  detonation  of  nitre,  or  rather  in  the  deflagration  of 
nitrous  fulphur.  We  have  feen  tuat  this  fulphur  is  formed 
in  the  fame  circumftances  as  vitriolic  fulphur  :  but  if  thefe 
two  compounds  refcmble  each  other  in  the  manner  of  their 
production,  they  differ  entirely  in  the  phenomena  of  their 
combuftion. 

Vitriolic  fulphur  burns  very  weakly;  produces  a  flame 
which  is  very  little  luminous;  requires  for  the* continuance 
of  its  burning  a  conftant  fupply  of  new  air  ;  and  its  acid 
undergoes  no  change  by  this  combuftion.    Nitrous  fulphur, 

Chere,  if  it  has  been  fufficiently  dried,  it  will  prefently  catch 
fire  and  burn  to  a  brown  calx.  The  eafy  ignition  of  the  fait 
in  a  flight  heat  being  thus  afcertained,  there  is  no  room  to  doubt 
that  the  foregoing  phenomena  are  produced  in  the  following 
manner: 

"  The  acid  of  the  liquor  which  moiltened  the  fait  quits  the 
copper  to  unite  with  the  tin,  leaving  the  water  to  be  imbibed  by 
the  contiguous  fait  of  copper  which  then  diflblves,  and  ads  brifkly 
upon,  the  tin-foil. 

<f  It  is  well  known  that  the  action  of  the  nitrous  acid  on  tin  is 
always  accompanied  with  confiderable  heat  and  efFervefcence, 
and  that  the  folution  of  metallic  falts  in  watery  liquors  is  haftened 
by  heat. 

**  In  our  experiment,  the  warmth  generated  by  the  firft  action 
of  the  cupreous  folution  promotes  the  deliquefcence  of  the  crys- 
tallized fait.  The  union  of  the  acid  with  the  tin  is  rapid,  not 
only  as  being  aflifted,  but  on  account  of  the  great  furface  ex- 
pofed  ;  whence  the  ftrong  frothing,  and  the  extraordinary  heat 
by  which  the  redundant  moifture  is  carried  away,  and  the  unde- 
compofed  part  of  the  cupreous  fait,  together  with  that  lately 
formed  with  the  tin,  perfectly  dried.  - 

"  The  heat  generated  upon  both  furfaces  of  a  large  expanfe  of 
tin,  is  concentrated  by  clofely  coiling  it  into  a  fmall  compafs,  and 
being  retained  by  the  various  furrounding  laminae  of  metal,  it  is 
necerTarily  accumulated  to  a  quantity;  which,  if  we  may  judge 
from  the  touch,  is  more  than  fulHcient  to  fir-  the  dry  cupreous  fait. 

"  The  fait  formed  with  tin,  and  the  nitrous  acid,  burns  and 
fparkles  in  a  red  heat.  Catching  fire,  therefore,  from  the  ignited 
cupreous  fait,  it  burns  with  it,  and  aflifts  in  the  detonation, 
which  is  common  to  all  nitrous  compofitions  in  fimilar  circum- 
ftances." 
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©n  the  contrary,  appears  incapable  of  exifting  an  inffant 
without  burning.  Its  vivid,  dazzling  flame,  accompanied 
with  noife,  refembles  the  flame  of  a  fire  ftrongly  actuated 
by  a  blaft  of  air ;  it  needs  not  the  contact  of  external  air ; 
it  burns  with  the  fame  violence  and  rapidity  in  clofe  veflfels  ; 
no  obftacle  is  capable  of  containing  it:  and  if  it  be  confined, 
it  burfts  with  a  terrible  noife  the  fides  of  the  confining 
vefTels ;  laftly,  after  its  combuftion  no  trace  is  found  of  its 
acid. 

What  can  be  the  caufe  of  fo  confiderable  differences  ?  and 
how  are  fo  fingular  phenomena  produced?  We  cannot  do 
better  than  adopt  entirely  the  theory  of  Stahl.  This  great 
chemift  has  explained  all  thefe  effects  in  a  manner  the  moft 
fatisfa&ory,  and  the  moft  conformable  to  the  principles  of 
rational  chemiftry. 

Stahl  confiders  nitrous  acid  ascompofed  of  a  watery  prin- 
ciple, and  of  an  earthy  principle,  as  well  as  all  other  acids : 
but  he  alfo  admits  a  third  element  to  enter  into  this  acid, 
by  which  it  is  characlerifed,  and  by  which  it  differs  from 
vitriolic  acid.  This  third  principle  of  nitrous  acid  is  phlo- 
gifton ;  but  this  principle  is  fo  proportioned  and  combined 
with  the  other  two,  that  nitrous  acid  is  not  inflammable 
while  alone,  even  when  it  is  ignited  :  but  if  a  new  quantity 
of  inflammable  principle  unites  with  nitrous  acid,  (which 
happens  in  the  production  of  nitrous  fulphur)  then  the 
proportion  of  this  principle  being  encreafed,  it  accord- 
ingly aflumes  all  the  properties,  and  particularly  the  inflam- 
mability, which  is  eflential  to  it.  Hence  nitrous  acid 
cannot  be  combined  with  a  body  containing  phlogifton,  fo 
difpofed  as  to  be  capable  of  forming  with  it  an  intimate 
union  j  that  is,  a  nitrous  fulphur,  without  producing  an 
inflammation.  If,  then,  phlogifton  united  intimately  with 
vitriolic  acid  forms  vitriolic  fulphur,  which  is  much  lefs 
inflammable,  this  happens  becaufe  phlogifton  is  not  one  of 
the  principles  of  vitriolic  acid,  and  does  not  enter  into  its 
combination,  as  it  enters  into  that  of  nitrous  acid. 

From  this  caufe  alfo,  namely  the  exiftence  of  phlogifton 
in  nitrous  acid,  as  a  principle,  Stahl  deduces  the  deftruction 
or  total  decompofition  of  this  acid,  when  it  is  inflamed, 
and  this  he  does  upon  good  grounds ;  for  then  not  only  the 
phlogifton  which  is  combined  fuperabundantly  with  nitrous 
acid  is  inflamed,  but  alfo  this  fuperabundant  phlogifton,  find- 
ing itfelf  mixed  and  confufed  with  the  phlogifton  which  is 
a  principle  of  nitrous  acid,  takes  this  along  with  it  in  its 
i;iflammation3  and  the  whole  is  entirely  confumed. 

This 
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This  being  eftablifhed,  we  ought  not  to  wonder  that  no 
nitrous  acid  is  found  after  the  detonation ;  for  every  com- 
pound body,  from  which  one  of  its  principles  is  taken,  is 
thereby  neceflarily  decompofed.  If  the  inflammable  prin- 
ciple of  this  acid  could  be  confumed  without  deftroying  the 
connexion  of  the  other  principles,  we  mould  not  indeed 
find  after  detonation  any  nitrous  acid  :  becaufe  the  phlo- 
gifton,  its  diftinguiming  principle,  would  have  been  taken 
from  it ;  but  as,  according  to  Stahl,  the  union  of  the  two 
principles,  the  watery  and  the  earthy,  is  fufficient  to  con- 
ftitute  an  acid,  we  ihould  frill  find  an  acid  fubftance  of  a 
different  nature  from  nitrous  acid,  nearly  in  the  fame 
manner  that  we  find  pure  vitriolic  acid,  after  the  portion 
of  phlogifton  which  had  conftituted  it  volatile  fulphureous 
acid,  has  been  taken  from  it :  but  things  pafs  quite  otherwife 
in  the  inflammation  of  nitrous  acid  ;  not  a  veftige  remains 
of  this,  or  of  any  other  acid  ;  nothing  is  found  again  bat 
earth  and  water.  This  mews  the  connexion  of  the  prin- 
ciples of  nitrous  acid  to  befuch,  that  one  cf  its  conftituent 
parts  cannot  be  taken  from  it  without  an  entire  disjunction 
of  the  others  ;  fo  that  after  its  inflammation,  it  does  not 
exift,  neither  as  nitrous,  nor  as  any  other  acid. 

We  may  eafily  perceive  how  much  thefe  facts,  and  the 
confequences  refulting  from  them,  give  probability  to  the 
opinion  of  Stahl,  who  thinks  that  every  acid,  in  general, 
refults  from  an  union  of  a  watery  with  an  earthy  principle  ; 
and  that  the  particular  and  fpecific  properties  of  the  feveral 
acids  are  caufed  by  fome  other  principle,  which  enters 
into  their  combination  with  thefe  two  efiential  conftituent 
parts. 

The  explofion  accompanying  the  detonation  of  nitre, 
and  which  is  fo  much  more  violent  as  the  matters  have 
been  more  perfectly  mixed,  and  more  clofely  compacted, 
proceeds  from  a  great  and  fudden  dilatation  of  fome  very 
cxpanfible  body.  Moft  natural  philofophers  have  attributed 
it  to  air  contained  in  nitre,  and  in  matters  with  which 
the  nitre  detonates  ;  becaufe  air  included  and  rarefied  is 
capable  of  producing,  and  does  produce,  very  violent  ex- 
plofions  :  neverthelefs,  we  muft  obferve,  that  none  of  the 
explofions  of  air  are  equal  in  violence  to  thofe  of  gun- 
powder, of  fulminating-powder,  and  of  fulminating-gold, 
which  are  certainly  effects  of  the  inflammation  of  nitrous 
acid. 

Thefe  confiderations  alfo  incline  us  to  adopt  the  opinion 
of  Stahl  on  this  phenomenon:    This  chemift  thinks,  that 
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thefe  explofions  ought  not  to  be  attributed  to  the  air,  but 
to  the  water  of  the  nitre,  or  rather  of  its  acid ;  which  is 
capable  of  producing  much  more  violent  explofions  than 
thofe  of  air,  when  a  ftrong  heat,  fuch  as  that  of  red-heat, 
is  fuddenly  applied  to  it,  as  happens  in  the  detonation  of 
nitre.    5^  Water. 

The  fame  chemift  goes  farther.  He  advances,  not  with- 
out much  probability,  that  water,  the  aggregation  of  which 
is  entirely  broken,  acquires  the  properties  of  air.  Upon 
this  fuppofition  we  may  well  explain  why  nitre  is  capable  of 
burning  with  combuftible  fubftances,  without  the  accefs  of 
air,  and  in  clofe  vefTels.  The  reafon  of  this  is,  that  nitre 
contains  in  its  own  fubftance  a  matter  which  is  difen- 
gaged  during  the  deflagration,  and  which,  if  it  is  not  air, 
has,  as  well,  or  better,  the  property  of  maintaining  r  om- 
buftion.  The  flame  ifluing  from  nitre,  when  made  to  de- 
tonate fo  flowly  that  it  can  be  obferved,  feems  to  prove 
what  we  have  advanced  on  the  fubjeel: ;  for  it  has,  as  we 
have  faid,  all  the  appearance  of  the  flame  of  a  body  excited 
ftrongly  by  a  blaft  ifluing  from  its  own  centre,  (o) 

Nitre  detonates  with  fulphur,  and  with  thofe  metallic 
fubftances  the  phlogifton  of  which  is  fo  difpofed  that  it  can 
eafily  burn  ;  fuch  are  iron,  tin,  zinc,  and  others  of  this 
nature.  This  detonation  has  nothing  peculiar;  it  muft 
happen  not  only  from  the  combuftibility  of  the  phlogifton 
of  thefe  fubftances,  but  alfo  becaufe  this  phlogifton  is  not 
in  the  ftate  of  oil.    What  we  have  faid  concerning  the 

(o )  The  explofion  of  nitre  deflagrated  with  inflammable  fub- 
ftances is  caufed  by  an  elaftic  fluid,  which  is  produced  from  the 
nitre  and  thefe  fubftailces  by  deflagration.  This  fluid  is  not  the 
water  of  the  nitre  rarefied  and  converted  into  air  ;  for  the  water  of 
the  nitre  is  only  rarefied  by  the  heat  of  the  deflagration,  and  is 
afterwards  by  cold  condenfed,  forming  the  water  called  clyfTus  of 
nitre.  See  Clyssus  c/'Nitre.  But  the  elaflic  fluid  produced 
by  deflagration  is  permanent,  and  not  condenfible  into  a  liquid. 
Mr.  Robins  found,  by  accurate  experiments,  that  the  fluid  pro- 
duced by  firing  gun-powder,  when  confined  within  a  fpace  equal 
to  that  of  the  gun  powder  which  was  fired,  and  reduced  to  the  heat 
of  the  atmofphere,  was  capable  of  fuftaining  a  prefTure  equal  to 
24.;  time>  the  prefiure  of  the  atmofphere ;  and  that  the  elaflic 
force  of  Che  fluid  was  increafed  probably  about  four  times  by  the 
heat  produced  by  the  firing  of  the  powder  ;  and  confequenrly  that 
it  is  thereby  rendered  capable,  at  the  inflant  of  explofion,  of  fuf- 
taining a  prefiure  nearly  equal  to  a  thoufand  times  the  preflure  of 
the  atmofphere.    See  RobinsV  Principles  of  Gunnery. 
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detonation  of  nitre  by  coals,  is  applicable  to  thofe  which  are 
now  treated.  However,  attention  muft  be  given  to  the 
other  principles  of  thefe  fubftances,  and  to  the  greater  or. 
lefs  quantity,  and  degrees  of  combuftibility  of  their  phlo- 
gifton. 

DEW.  Formerly  this  name  was  given  to  the  phlegm 
that  rofe  firft  in  the  diftillation  of  feveral  fubftances.  Thus 
the  dew  of  vitriol \  the  dew  of  honey  ^  were  watery  liquors 
which  rofe  firft  when  thefe  fubftances  were  diftilld. 

DIAMOND.  Diamonds  are  Hones  of  the  verifiable 
kind,  which  are  found  naturally  cryftallized,  nearly  as 
rock-cryftal  is,  in  form  of  fix-fidcd  prifms,  each  extremity 
of  which  is  terminated  by  a  pyramid  alio  of  fix  fides.  Some 
diamonds,  however,  are  differently  cryftallized. 

Diamonds  are  the  moll  beautiful  and  the  deareft  of  all 
precious  Hones.  They  are  of  different  colors,  particularly 
yellow ;  but  the  grejateH  part  of  them  are  white,  and 
amongft  thefe,  the  whitefr  and  moft  tranfparent  are  of 
higheft  value.  No  ftone  is  harder  than  the  diamond  j  it  is 
alio  very  refractory,  and  even  apyrous  ;  it  has  all  the  pro- 
perties of  verifiable  (tones,  with  this  difference,  that  it 
requires  more  fire,  and  a  larger  quantity  of  flux  to  produce 
its  vitrification  than  any  other  of  the  fubftances  of  the  fame 
kind.    See  Stones  (V itrifiable).  (p) 

DIA- 

fpj  Diamonds  ara  the  hardeft  and  . moft  brilliant  of  all  ftones. 
They  are  either  hexagonal  prifms  terminated  by  eight- fided 
points  or  pyramids  ;  or  they  are  flat,  or  cubical,  or  rounded. 
Whether  this  difference  of  form  be  original,  or  adventitious,  has 
not  been  determined.  The  firft  kind  are  the  beft  and  hardeft, 
and  may  therefore  have  prcferved  their  original  form  againft 
accidents  better  than  the  others,  efpecially  than  thofe  which  are 
rounded,  which  are  faid  to  be  the  leaft  hard,  and  confequently 
moft  liable  to  have  their  forms  altered  by  attrition  Diamonds 
are  faid  to  confift  of  iaminse  or  plates,  and  probably  they  have 
fome  uniform  texture ;  becaufe  lapidaries  find  that  they  may  be 
polifhed  much  more  eafily  in  one  than  in  any  other  direction. 
This  ftone  becomes  luminous  in  the  dark  by  expofure  during  a 
certain  time  to  the  rays  of  the  fun  ;  by  heating  it  in  a  crucible ;  by 
plunging  it  in  boiling  water;  or  by  rubbing  it  with  a  piece  of 
glafs.  By  friction  it  acquires  an  electrical  property,  by  which  it 
attracts  the  fubftancc  ufed  for  foils,  called  black  maftic,  and  other 
light  matters.  The  author  of  the  Dictionary,. fays,  that  diamonds 
,are  refractory  in  the  fire,  and  even  apyrous.  Neverthelefs,  expe- 
riments have  been  made,  which  prove  that  diamonds  are  capable 
of  being  diflipated,  not  only  by  the  collected  heat  of  the  fun,  but 
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DIAPHORETIC  ANTIMONY.  This  is  a 
white  calx  of  antimony,  made  by  calcining  antimony  with 
thrice  its  quantity  of  nitre.    See  Antimony. 

DIGES- 

alfo  by  the  heat  of  a  furnace,  Mr.  Boyle  fays,  that  he  perceived 
certain  acrid  and  penetrating  exhalations  from  diamonds  expofed 
to  fire.  A  diamond,  by  expofure  to  a  concave  fpeculum,  the 
diameter  of  which  was  forty  inches,  was  reduced  to  an  eighth  part 
of  its  weight.  See  Phil.  Tranf.  No.  386.  In  the  Giornale  de 
Letterati  d3  Italia,  Tom.  viii.  Art.  9.  we  may  read  a  relation  of 
experiments  made  on  precious  ftones,  by  order  of  the  Grand  Duke 
ofTufcany,  with  a  burning  lens,  the  diameter  of  which  was  two 
third:  of  a  Florentine  ell,  near  the  focus  of  which  was  placed 
another  fmaller  lens.  By  thefe  experiments  we  find  that  diamonds 
were  more  altered  by  folar  heat  than  moil  of  the  other  precious 
ftones,  although  not  the  leaft  appearance  of  a  commencing  fufion 
wa  •  obfervable.  A  diamond  weighing  thirty  grains,  thus  expofed 
during  thirty  feconds,  loft  its  color,  luftre,  and  tranfparency,  and 
became  of  an  opake  white.  In  five  minutes,  bubbles  appeared  on 
its  furface  ;  foon  afterwards  it  burft  into  pieces,  which  were  dif- 
fipated  ;  and  the  fmall  fragment  which  remained  was  capable  of 
being  crufhed  into  fine  powder  by  the  prefture  of  the  blade  of  a 
knife.  Neither  the  addition. of  glafs,  flints,  fulphur,  metals,  or 
fait  of  tartar  prevented  this  difiipation  of  diamonds,  or  occafioned 
any  degree  of  fufion.  By  this  heat  rubies  were  foftened,  and 
left  fome  of  their  color,  but  preferved  their  form  and  weight. 
By  addition  of  a  third  lens,  a  further  degree  of  fufion  was 
given  to  rubies.  Even  then  rubies  could  not  be  made  to  unite 
with  glafs.  By  having  been  expofed  to  this  heat,  the  furface  of 
the  rubies  which  had  fuffered  fufion,  loll  much  of  their  original 
hardnefs,  and  were  nearly  as  foft  as  cryftal.  But  their  internal 
parts,  which  had  not  been  fufed,  retained  their  hardnefs.  Eme- 
ralds by  this  heat  were  rendered  white,  or  of  various  colors,  and 
foon  afterwards  were  fufed.  They  were  found  to  have  loft  part  of 
their  weight,  and  to  be  rendered  lefs  hard  and  brittle. 

Fxperiments  were  alfo  made  by  order  of  the  Emperor  Francis  I. 
on  precious  ftones,  from  which  we  find,  that  diamonds  v/ere 
entirely  diffipated  by  having  been  expofed  in  crucibles  to  a  violent 
fire  of  a  furnace  during  twenty- four  hours ;  while  rubies  by  the 
fame  heat  were  not  altered  in  weight,  color,  or  polifh.  By  ex- 
pofing  diamonds  during  two  hours  only  at  a  rime,  the  alterations 
produced  on  them  by  fire  were  obferved.  Firft,  they  loft  their 
poliih,  then  they  were  fplit  into  thin  plates,  and,  laftly,  totally 
difiipated.  By  the  fame  fire,  emeralds  were  fufed.  See  Magaf.n 
de  Hanibourgy  Tom.  xviii. 

The  adtion  of  fire  on  diamonds  has,  notwithftanding  the  above 
mentioned  experiments,  been  lately  doubted  in  France,  and  the 
queftion  has  been  agitated  by  feveral  eminent  chemifts,  with 
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DIGESTION.  Digeftion  is  an  operation  which  con- 
fifts  in  expofing  bodies  to  a  gentle  heat,  in  proper  veflels, 
and  during  a  certain  time. 

This 

much  intereft,  and  numerous  experiments  have  been  made,  which 
throw  much  light  on  the  fubject.  M.  D'Arcet  found  not  only 
that  diamonds  included  in  porcelain  crucibles  clofe,  or  covered 
with  perforated  lids,  and  expofed  to  the  long  and  intenfe  heat  of 
a  porcelain  furnace,  were  perfectly  diflipated  ;  but  alfo,  that  this 
ftone  could  in  a  few  hours  be  totally  volatilifed  with  a  much  in- 
ferior degree  of  heat,  by  expofing  them  in  a  coppel  under  the 
muffle  of  an  effay- furnace.  In  this  latter  experiment,  he  obferved 
that  the  diffipation  was  gradual,  and  that  it  was  effected  by  a 
kind  of  exfoliation.  The  diffipation  of  diamonds  expofed  in 
coppels  was  confirmed  by  M.  Macquer,  who  further  obferved, 
that  the  diamonds  were,  before  the  diffipation  began,  rendered, 
by  the  fire,  brilliant  and  mining,  as  it  were,  with  a  phofphoric 
light.  In  order  to  determine  whether  the  diffipation  of  diamonds 
was  actually  effected  by  their  reduction  into  vapor,  or  by  acora. 
buftion  or  other  effect  of  air  upon  them,  Meffrs.  Lavoifier,  Mac- 
quer, and  Cadet  expofed  diamonds  to  intenfe  heat  in  an  earthen 
retort,  during  feveral  hours,  but  without  any  other  effect  than 
that  their  polifh  was  deltroyed,  and  about  ~  th  of  their  weight 
diminifhed.  M.  Mitouard  put  diamonds  in  a  tobacco-pipe  filled 
with  pounded  charcoal  and  accurately  clofed  with  lute.  He  fur- 
ther fecured  the  diamonds  from  accefs  of  air  or  flame,  by  placing 
the  tobacco-pipe  in  a  crucible  to  which  another  crucible  was  in- 
verted and  carefully  luted.  The  diamonds  thus  fecluded  from 
external  air  having  been  expofed  to  the  moft  intenfe  heat  which 
could  be  excited  in  a  well  conftructed  furnace,  were  not  thereby 
altered  or  diminifhed.  M.  Mitouard  was  induced  to  believe,  that 
the  charcoal  conduced  to  the  prefervation  of  diamonds  not  merely 
by  excluding  the  air,  but  by  fome  peculiar  property,  which  he 
fuppofes  may  be  the  fame  as  that  by  which  this  fubftance  defends 
metals  from  deftruction  by  fire.  He  was  confirmed  in  his  opi- 
nion, by  obferving  that  diamonds  were  not  preferved  from  the  ac- 
tion of  fire  by  furrounding  them  with  powder  of  chalk,  and 
of  calcined  hartfhorn,  and  including  them  in  clofe  vefTels,  fo 
well,  as  when  the  charcoal  had  been  employed.  Some  chemifts 
even  thought  that  the  perfect  exclufion  of  air  alone  wasfufficient  to 
preferve  diamonds,  and  doubted  whether  the  balls  and  crucibles 
of  porcelain  employed  by  M.  D'Arcet  had  excluded  the  air  with 
fufficient  accuracy.  Indeed,  in  one  of  M.  D'Arcet's  own  experi- 
ments, a  diamond  included  in  a  ball  of  porcelain  had  refitted  the 
action  of  fire.  In  order  to  afcertain  this  queltion,  M.  Cadet  ex- 
pofed diamonds  in  covered  and  luted  crucibles  to  the  violent  heat 
©f  a  forge  during  two  hours ;  by  which  operation  the  diamonds 
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This  operation  is  very  ufeful  to  favor  the  action  of  cer- 
tain'fubftances  upon  each  other;  as,  for  example,  of  well 
calcined,  dry  fixed  alkali  upon  rectified  fpirit  of  wine, 
When  the fb  two  fubftances  are  digefted  together  in  a 
matrafs,  with  a  gentle  fand-bath  heat,  the  fpirit  of  wine 
acquires  a  yellow-redd  ifh  color,  and  an  alkaline  quality. 
It  is  then  called  alkaline  tinfture,  or  tinclurc  of fait  of  tartar. 
See  Tincture  of  Salt  of  Tartar.  The  fpirit  would 
not  fo  well  acquire  thefe  qualities  by  a  flronger  and  fhorter 
heat. 

Digeftion  is  alfo  ufed  to  {often  and  open  certain  bodies 
defigned  to  undergo  further  operations,  or  to  excite  in  them 
a  certain  decree  of  fermentation. 

DISTILLATION.  Diflillation  is  an  operation  by 
which  the  fluid  and  volatile  principles  of  bodies  may  be 
feparated  and  collected  with  a  convenient  degree  of  heat. 

If  compounds  containing  volatile  and  fixed  principles 
be  expofed  to  fire,  the  former  being  rarefied  by  heat  will 
endeavour  to  feparace  themfelves  from  the  latter ;  and  if  the 
efFort  which  they  make  for  this  purpofe  be  fuperior  to  the 
cohefion  which  they  have  with  the  fixed  principles,  a 
feparation  will  happen,  and  they  will  be  diffipated  in  the 
ftate  of  vapor. 

The  different  fixity  and  volatility,  which  the  feveral 
principles  of  almoft  every  compound  body  have,  furnifh 
a  very  extenfive  method  of  feparating  and  obtaining  their 
principles.    This  chemifts  effect:  by  diflillation, 

loft  only  T'5  th  part  of  their  weight.  He  infers,  that  the  deftruc- 
tion  of  diamonds  by  fire  in  open  veffels  is  not  a  true  volatilization, 
but  merely  an  exfoliation,  caufed  by  the  fire  expanding  the  air 
contained  between  the  thin  plates,  of  which  thefe  ftones  confift, 
and  that  by  this  exfoliation  or  decrepitation,  thefe  plates  are  re- 
duced to  fo  fine  a  powder  as  to  efcape  obfervation.  M.  D'Arcet 
objected  againft  the  experiments  of  his  adverfaries  that  they  were 
not  of  fufficient  duration  to  decide  againft  his  which  had  lafted 
feveral  days.  He  renewed  and  multiplied  his  experiments,  which 
confirmed  him  in  his  opinion  of  the  volatilifation  of  diamonds  in 
veffels  perfectly  clofed  ;  and  that  this  effect  cf  fire  on  diamonds 
is  not  a  mere  exfoliation  or  mechanical  feparation  of  the  plates  of 
which  thefe  ftones  confift,  he  infers  from  the  parts  of  the  diamonds 
pervading  the  molt  folid  porcelain  crucibles  without  being  per- 
ceptible, and  from  the  luminous  appearance  frft  noticed  by  M. 
Macquer,  and  which  was  afterwards  obferved  by  M.  Roux  to  be 
fin  actual  flame. 
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Diftillation  requires  an  apparatus  of  veflels  fuited  to  the 
nature  of  the  fubftances  to  be  treated,  and  of  the  principles 
to  be  obtained. 

If  the  fubftance  to  be  diftilled  be  very  compound,  very 
fufceptible  of  alteration  by  heat,  and  containing  very  vo- 
latile principles,  fuch  as  moft  odoriferous  plants,  fpirituous 
liquors,  and  others  of  this  nature  ;  a  veiled  muft  be  ufed 
called  an  alembic,  which  muft  alio  be  provided  with  a  water- 
bath.    See  Alembic. 

As  in  the  diftillation  made  with  an  alembic  the  vapors 
rife  vertically,  and  are  condenfed  in  the  upper  part  of  the 
veflel  called  its  capital  or  bead,  this  method  of  diftillation 
has  been  called  per  afeenfum.  By  this  method  may  be  dif- 
tilled all  matters  volatile  enough  to  rife  with  a  degree  of 
heat  not  exceeding  that  of  boiiing  water:  fuch  are  the 
fpiritus  retlor  cf  plants ,  ardent  /pints,  and  all  ejjential  oils. 

When  compound  bodies  are  to  be  diftilled,  the  moft 
volatile  parts  of  which  require  a  heat  fuperior  to  that  of 
boiling  water,  retorts  muft  be  employed  ;  becaufe  thefe 
veflels  may  be  conveniently  placed  either  in  a  fand-bath  or 
in  a  naked  fire,  and  may  be  fo  difpoied  in  a  reverberatory 
furnace,  that  the  matter  which  they  contain  ihall  be  equal- 
ly heated  on  all  fides. 

The  fhape  of  a  retort  is  fuch,  that  principles  reduced  to 
:he  ftate  of  vapor  cannot  iflue  but  laterally  through  the  neck 
of  the  veflel,  which  is  accordingly  placed  on  one  of  its 
Ides.  This  diftillation  has  thence  been  called  per  latus, 
Lee  Retort. 

This  fecond  method  of  diftilling  is  very  ufeful,  and  may 
be  applied  to  obtain  eflential  oils,  heavy  acids,  efpecially 
mineral  acids,  and  fometimes  even  very  volatile  fubftances; 
as  for  example,  the  volatile  alkali  from  fal  ammoniac,  or 
from  animal  matteis  which  have  not  undergone  putrefac- 
tion. 

A  third  kind  of  diftillation  is  called  per  defcenfwn  ;  be- 
caufe it  confifts  in  applying  the  heat  above  the  bodies 
whence  the  volatile  parts  are  to  be  extricated;  and  by  this 
method  thefe  volatile  parts  are  obliged  to  defcend  into  a 
veflfei  prepared  for  their  reception.  Bat  this  method  of  dif- 
tillation has  many  faults,  is  abfoluteiy  unneceflary,  and  is 
entirely  neglected. 

We  may  eafily  conceive  what  pafles  in  diftillation.  Vo- 
latile fubftances  are  rendered  by  a  fill  table  heat  fpecifically 
lighter,  are  reduced  to  the  ftate  of  vapor,  and  would  be 
diflipated,  if  they  were  not  retained,  and  obliged  to  pafs 
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into  colder  places,  where  they  are  condenfed  and  become 
liquors,  if  fuch  be  their  nature  ;  or  elfe  they  collect  in  fmall 
folid  particles  called  jiowers^  and  in  this  cafe  the  operation 
changes  its  name,  and  is  called  fublimation.  See  Sublima- 
tion. 

As  diftillation  is  always  performed  in  clofe  vefTels,  the 
matters  which  rife  are  excluded  from  the  accefs  of  air, 
which  accelerates  the  afcent  of  volatile  bodies.    See  Air. 

Hence  diftillations  and  fublimations,  which  are,  pro- 
perly fpeaking,  only  evaporations  in  clofe  veflels,  are  more 
difadvantagecus  thaji  evaporations  in  open  air.  This  is 
an  inconvenience  in  all  cafes  where  diftillation  may  be 
carried  on  very  faft  without  any  accident.  Such,  for 
inftance,  is  the  diftillation  of  water  alone.  This  incon- 
venience may  be  in  a  great  meafure  remedied  by  introducing 
into  the  cucurbit  a  current  't)f  air  by  means  of  a  ventilator, 
according  to  a  method  propofed  by  an  Englilh  chemift  to 
accelerate  the  diftillation  of  fea-water,  with  a  defign  to 
obtain  by  that  means  frefti  water  from  it. 

But  in  diftillations  of  almoft  ail  other  fubftances,  this  flow- 
nefs  occafioned  by  want  of  air  is  rather  ufeful  than  difad- 
vantageous ;  becaufe  the  more  {lowly  a  volatile  fubftance 
is  feparated  from  a  fixed  fubftance,  the  more  perfect  is  the 
reparation.  For  this  reafon,  when  a  diftillation  is  required 
to  be  performed  according  to  the  rules  of  the  art,  it  mull  be 
fo  conducted  that  no  more  heat  fhall  be  applied  to  raife 
the  volatile  body  than  is  necelTary.  This  management  u 
particularly  neceftary  when  there  is  not  a  great  differ^ncs 
betwixt  the  volatility  of  the  feveral  principles  of  the  body 
diftilled.  We  have  an  evident  example  of  this  in  all  con- 
crete oily  matters.  When  we  intend  to  feparate  the  acd 
and  the  oil  of  which  thefe  matters  confift,  as  thefe  two  pria- 
ciples  have  nearly  the  fame  volatility,  they  rife  together, 
and  are  not  difunited  ;  fo  that  the  compound  body  pafes 
in  diftillation  without  fuffering  any  decompofition.  See 
Butter.  Notwithftanding  the  moft  careful  management 
of  moft  diftillations,  the  volatile  principles  are  ieMom 
obtained  perfectly  free  from  the  other^  principles  of  the 
compound  ;  and  therefore,  to  be  purified,  muft  be  fubmitted 
to  new  diftillations,  called  reftipcatiom. 

We  may  then  eftablifh,  as  general  and  efifential  rules  of 
diftillation,  that  no  greater  heat  ought  to  be  applied  than 
is  juft  necefTary  to  raife  the  fubftances  to  be  diftilled ;  and 
that  the  flownefs  of  the  operation  is  no  lefs  advantageous 
than  the  hurrying  of  it  too  much  is  prejudicial. 

Thefe 
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Thefe  rules  ought  alfo  to  be  obferved  for  fomc  other 
very  ftrong  reafons.  Such  is  the  prevention  of  the  break- 
ing of  veftels,  which  frequently  happens  in  thofe  of  glafs 
or  of  earthen  ware  when  they  are  too  fuddenly  or  too  ftrongly 
heated,  and  moft  certainly  happens  when  the  vapors  rife 
more  quickly  than  they  can  be  condenfed. 

Thefe  accidents  are  chiefly  occafioned  by  vapors  which 
are  very  elaftic  and  not  ealily  condenfible.  Some  vapors, 
as  thefe  of  the  fmoking  nitrous  and  marine  acids,  have 
thefe  qualities  fo  ftrongly,  that  much  of  them  is  loft,  by 
the  neceflity  of  giving  frequently  a  vent  to  them,  by  un- 
ftopping  a  fmall  hole  made  in  the  balloon  employed  as  a 
receiver  in  fuch  diftillations,  and  which  might  be  conve- 
niently made  in  all  receivers  *. 

DITTANY  */CRETE.  (q) 

DIVISION.  By  divifion  we  ought  to  underftand  that 
feparation  which  is  occafioned  in  the  parts  of  a  body  by- 
help  of  mechanical  inftruments. 

The  mechanical  divilion  of  bodies  does  indeed  feparate 
them  into  fmaller,  homogeneous,  jimilar  parts ;  but  this 
feparation  cannot  extend  to  the  primary  integrant  mole- 
cules of  any  body,  and  confequently  is  incapable  of 
breaking  what  is  properly  called  their  aggregation  :  alfo, 
no  union  is  formed  betwixt  the  divided  and  dividing  bodies, 
b  which  refpecT:  divifion  efTentially  differs  from  folution. 

Divifion  is  not  properly  a  chemical  operation.  It  is  only 
employed  preparatorily  ro  facilitate  other  operations,  and 
particularly  folution.  For  this  purpofe  it  is  very  ufeful,  as 
it  encreafes  the  quantity  of  furface,  and  confequently  the 
points  of  contact  of  any  body. 

*  See  Plate  I.  where  the  veffels  ufed  in  diftillations  are  repre* 
ferted.  See  alfo  the  Explanation  of  the  Plates,  where  an  appa- 
ratis  is  defcribed,  by  which  the  fumes  that  ufualiy  efcape  in  the 
diftilation  of  very  volatile  liquors  are  condenfed. 

Dittany  of  Creie.  Sixteen  ounces  of  the  leaves  of 
this  plant  yield  about  half  a  dram  of  a  ftrong,  aromatic,  eflential 
oil,  vhich  coagulates  by  cold,  refembling  camphor.  From  an 
ounce  of  this  plant  Neuman  obtained  with  water  two  drams  and  a 
fcruple  of  extract ;  and  from  the  fame  quantity,  with  fpirit  of 
wine,  he  obtained  a  dram  and  a  half  of  refinous  extracl:.  He 
obferves,  that  the  green  color  of  the  leaves  refides  in  the  refin, 
and  is  extractable  by  fpirit,  efpecially  after  water  has  previoufly 
extracted  the  gummy  part,  fome  of  which  being  alfo  foluble  by 
fpirit  along  with  the  refin,  alters  the  colpr  of  the  fpirituous  tinc- 
ture. 

Different 
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Different  methods  are  ufed  to  divide  bodies  according  t© 
their  nature.  Thofe  which  are  tenacious  and  elaftic,  as 
horns  and  gums,  require  to  be  cut,  rafped,  or  filed.  Metals, 
becaufe  of  their  ductility,  require  the  fame  treatment :  but 
as  they  alfo  are  fufible,  they  may  be  quickly  and  conve- 
niently reduced  into  grains  fmall  enough  for  moft  opera- 
tions, by  pouring  them,  when  melted,  into  water. 

All  brittle  bodies  may  be  reduced  conveniently  into 
fine  parts  by  being  bruifed  in  a  mortar  with  a  peftle. 

Very  hard  bodies,  fuch  as  glafs,  cryftals,  ilones,  parti- 
cularly thofe  of  fhe  vitrifiabie  kind,  before  they  are  pounded, 
ought  to  be  plunged  when  red-hot  into  water,  by  which 
they  are  fplit  and  cracked,  and  rendered  more  ealily  pul- 
verable. 

Bodies  of  this  kind  may  alfo  be  bruifed  or  ground  by 
means  of  a  hard  and  fiat  {lone,  upon  which  the  matier  is  to 
be  put,  and  bruifed  by  another  hard  (tone,  fo  fmall  as  to 
be  held  and  moved  upon  the  larger  itone  with  the  hand. 
The  larger  {tone  is  caked  a  porphyry^  from  its  being  gene- 
rally of  tfyat  kind  of  Itone;  and  the  operation  is  called 
parpkyrifation*  Inftead  of  porphyrifation,  a  mill  may  be 
ufed,  compofed  of  a  hard  grit  milhtone,  moving  round 
upon  another  (tone  of  the  fame  kind,  which  muft  be  fixed  : 
in  the  upper  ftone  is  a  groove,  or  channel,  through  which 
•the  matter  to  be  ground  paffes.  By  this  method  a  lubftance 
may  be  more  quickly  reduced  to  a  £ne  powder  than  by 
porphyrifation.  But  thefe  mills  can  be  only  employed  fo; 
comiderabie  quantities  of  matter,  as  for  manufactories  cf 
pottery  and  porcelain. 

Thefe  methods  of  mechanically  dividing  bodies  are  a'- 
tended  with  fome  practical  inconveniences ;  the  moft  coi- 
ftdcrable  of  which  is,  that  fome  parts  of  the  dividing 
inftruments  are  always  {truck  off,  and  mixed  with  1he 
matter  to  be  divided.  This  may  greatly  affect,  the  opera- 
tions. For  iiiftance,  inftruments  of  iron  and  copper 
fumifh  coloring  metallic  parts,  and  the  latter  metd  is 
hurtful  to  health.  Porphyry  is  colored  by  a  rcddifh-biown 
matter,  which  injures  the  color  of  cryftai-giaffes,  enamels, 
and  porcelain,  made  with  matters  ground  upon  this  itone. 
Thefe  matters,  therefore,  muft  be  cleanfed  after  their 
porphyrifation,  or  elfe  no  inftruments  ought  to  be  employed 
capable  of  injuring  the  intended  operations.  Thus,  for 
the  preparation  of  all  medicines  to  be  taken  internally, 
no  copper  inftruments,  as  mortars,  peftles,  ought  to  be 
ufed  5  thofe  made  of  iron  are  preferable ;  and,  inftead  of 
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porphyries;  mortars,  grinding -ftones,  and  mill -{tones, 
made  of  hard  and  white  ftones,  ought  to  be  employed  for 
fubftances  which  are  to  enter  into  the  corn  pont  ion  of 
enamels,  cryftal-glafs,  and  porcelain,  the  whiteneis  of  which 
is  a  molt  necelTary  quality. 

D  O  C I M  A  S  T I C  A  R  T.  This  name  is  given  to  the 
art  of  ellaving,  by  operations  in  l'mall,  the  nature  and 
quantity  of  metallic  or  other  matters,  which  may  be  ob- 
tained from  mineral  or  other  compound  bodies.  The  moft 
important  operations  of  the  docimaftic  art  are  found  under 
the  words,  Refining,  Ores,  Essays  of  Ores. 

DOME.  The  upper  piece  of  furnaces,  and  particu- 
larly of  portable  furnaces,  is  called  the  dome.  It  has  the 
form  of  a  hollow  femifpherc  or  lmall  dome.  Its  ufe  is  to 
form  a  fpace  in  the  upper  part  of  the  furnace,  the  air  of 
which  is  continually  expelled  by  the  fire ;  hence  the  cur- 
rent of  air  is  conliderably  encreafed,  which  is  obliged  to 
enter  by  theafh-hole,  and  to  pafs  through  the  fire,  to  fupply 
the  place  of  the  air  driven  from  the  dome.  The  form  of  this 
piece  renders  it  proper  to  reflect  or  reverbera  e  a  part  of  the 
flame  upon  the  matters  which  are  in  the  furnace,  which 
has  occafioned  this  kind  of  furnace  %  be  called  a  revcrbera- 
tory  furnace.    See  Furnace. 

DORONICUM.  (r) 

DRAGON's  BLOOD,  (s) 

DUCTILITY.  Ductility  is  a  property  poffefled  by 
certain  folid  bodies,  which  con  lifts  in  their  yielding  to  per- 
cuflion,  preflure,  and  in  receiving  different  forms,  without 
breaking. 

(r)  Doronicum.  From  two  ounces  of  the  dry  root  were  ob- 
tained by  water  fourteen  drams  of  extract. ;  and  from  the  fame 
quantity,  with  fpirit,  four  drains  and  a  half.  This  root  is  fup- 
pofed  by  fome  to  be  poifonous,  efpecially  when  frefti.  Neu- 
man. 

(s)  Dracons's  Blood  is  a  red-colored,  inodorous,  and  infipid 
refin,  unfolublein  water,  folublein  fpirit  of  wine  :md  in  oils,  to 
both  which  liquors  it  communicates  a  red  color.  By  fire  it  is  fu- 
fible,  inflammable,  and  it  emits  an  acid  vapor  like  that  of  ben- 
zoin. A  folution  of  dragon's  biood  in  fpirit  of  wine  is'ufeJ  for 
ltaining  marble,  to  which  it  gives  a  red  tinge,  which  penetrates 
more  or  lefs  deeply  according  to  the  heat  of  the  marine  during 
application.  But  as  it  fpreads  at  the  fame  time  that  it  finks 
deep  ;  for  fine  defigns,  the  marble  fliojld  be  cold.  Mr.  Du  Fay 
fays,  that  by  adding  pitch  to  this  folution,  the  color  may  be 
rendered  deeper, 
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This  property  is  nothing,  elfe  than  a  continued  adhefioit 
•f  the  integrant  parts  of  thofe  bodies  which  have  this  pro- 
perty, although  thefe  parts  change  place  refpectively  to- 
each  other.  A  body,  therefore,  cannot  be  ductile,  ex* 
cepting  its  integrant  parts  be  fo  difpofed,  that,  while  fome 
of  its  contiguous  parts  are  forced  to  feparate,  others  apply 
themfelves,  fo  that  the  whole  (hall  be  ftill  one  continued 
fubftance. 

The  figure  of  the  integrant  parts  of  ductile  bodies  con- 
tributes alfo  probably  to  their  ductility  :  but  as  we  have 
not  any  certain  knowledge  of  the  form  of  the  integrant 
parts  of  any  body,  we  cannot  explain  ductility  more  pre- 
cifely  and  particularly. 

Some  bodies  are  ductile  both  when  they  are  hot  and  when 
they  are  cold,  and  in  all  circumftances.  Such  are  metals, 
and  particularly  gold  and  filver.  Other  bodies  are  ductile 
only  when  they  have  a  certain  degree  of  heat ;  fuch  as  wax, 
and  fubftances  of  the  fame  kind,  and  glafs.  (t)  The  de- 
grees of  heat  requifite  to  render  thefe  bodies  ductile  vary 
according  to  their  different  natures.  In  general,  the  heat 
muft  be  fuch  as  to  be  in  a  middle  Hate  betwixt  folidity  and 
perfect  fufion  or  fluidity.  As  wax,  for  inftance,  is  fufible 
with  a  very  fmall  heat,  it  may  be  rendered  ductile  by  a  ftill 
fmaller  heat ;  and  glafs,  which  requires  a  moft  violent  heat 
to  be  perfectly  fufed,  cannot  acquire  its  greateft  ductility 
without  being  made  red-hot  and  almoft  ready  to  fufe. 
Laftly,  fome  bodies  are  rendered  ductile  by  the  interpofi- 
tion  of  the  parts  of  a  fluid.  Such  are  certain  earths,  and 
particularly  clays.  When  thefe  earths  have  abforbed  a 
fufficient  quantity  of  water  to  bring  them  into  a  middle 
ftate  betwixt  liquidity  and  folidity,  that  is,  to  the  confid- 
ence of  a  confiderably  firm  pafte,  they  have  then  acquired 
their  greateft  ductility.  Water  has  precifely  the  fame  effect 
upon  them  in  this  refpect  as  fire  has  upon  the  other  bodies 
mentioned. 

DULCIFICATION.  When  cauftic  and  corrofive 
bodies  are  rendered  milder  by  being  combined  with  another 
fubftance,  they  are  faid  to  be  dulcified.  This  term  is  moft 
commonly  applied  to  the  effect  produced  upon  mineral  acids 

.  ft  J  Laftly,  other  bodies,  as  fome  kinds  of  iron,  namely,  thofe 
called  by  workmen  red-ftwt^  brafs,  and  fome  other  metallic  al- 
lays, are  du&ile  only  when  cold,  and  are  brittle  when  hot. 
Concerning  the  ductility  of  metals,  fet  Metals. 
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by  their  union  with  fpirit  of  wine.  See  Spirits  #/NiTRtff 
tf  Salt,  and  of  Vitriol  (Dulcified). 

DYING.  The  art  of  dying  confifts  in  extracting  from 
various  fubftances  coloring  particles,  and  applying  them  to 
Huffs  or  other  matters  intended  to  be  dyed,  fo  that  they 
fhall  adhere  as  firmly  and  durably  as  poflible.  (u) 

Although 

(u)  Dying.  Notwithstanding  the  labors  of  Meffrs.  Hellot, 
Aftruc,  Du  Fay,  Juflieu,  and  of  fome  other  authors,  by  which 
many  procejfes  for  dying  are  afcertained  ;  and  notwithftanding 
the  attempts  of  Mr.  Hellot  to  explain  thefe  proceiTes,  yet  the 
theory  of  dying  is  far  from  being  known  or  eilablifhed.  We  do 
not  fufficiently  underfland  the  nature  of  the  colorific  particles 
of  dying  fubftances  ;  nor  the  action  of  the  falts  and  other  matters 
ufed  in  moft  of  the  proceffes  for  durable  dyes ;  nor  the  caufes  of 
the  differences  of  the  feveral  fluffs  made  of  wool,  filk,  cotton, 
or  thread,  with  regard  to  their  aptitude  to  receive  certain  dyes. 
Many  experiments  are  required  to  elucidate  thefe  fubjecls. 

Before  we  mention  Mr.  Hellot's  Theory  of  Dying,  we  mull: 
obferve,  that  dyers  enumerate  five  colors  which  they  call  primary, 
from  the  mixtures  of  which  the  other  colors  are  produced.  Thefe 
are  blue,  red,  yellow,  nut-color,  and  black.  Good  dyes  are 
thofe  which  can  refift  the  action  of  water,  air,  and  of  certain, 
faline  and  faponaceous  liquors  which  are  ufed  as  proofs  of  the 
durability  of  colors.  Falfe  dyes  are  thofe  which  cannot  refift 
thefe  proofs.  We  may  eaniy  conceive  the  aftion  of  falfe  dyes  ; 
that  a  colored  decoctiou  fhould  color  any  fluff  dipped  into  it  by 
the  adhefion  of  part  of  it  to  the  ftufF ;  and  that  when  the  ftufF  has 
become  dry  by  the  evaporation  of  the  water  of  the  decoction,  it 
may  again  be  deprived,  by  warning  with  water,  of  the  coloring 
fubftance  ;  which  being  foluble,  as  it  was  originally,  in  water, 
may  eafily  be  wafhed  out  of  the  dyed  fluff.  But  the  aclion  of 
thofe  dyes  which,  although  once  diffolved  or  fufpended  in  water, 
cannot  again,  after  they  are  applied  to  fluffs,  be  wafhed  out,  is 
not  fo  eafily  underftood.  We  lhall  here  treat  only  of  this  latter 
fort,  or  good  and  durable  dyes.  Dyes  of  different  coiors  require 
different  treatment.  Stuffs  to  be  dyed  of  a  red  or  yellow  color 
muft  be  boiled  in  water  with  alum  and  tartar  before  they  are 
dipped  into  the  dying  deco&ions :  the  red  coloring  materials  are 
kermesy  cochineal,  gum-lac,  and  madder ;  the  yellow  materials  are 
luteola,  or  dyers  -weed,  and  other  yellow  flowers.  The  fluffs  for 
blue  dyes  require  wo  previous  preparation.  Thefe  blue  dyes  are 
made  of  indigo,  or  the  blue  ucula  obtained  from  =woAd  (fee  Indigo 
and  vV'oad),  diffolved  in  a  lixivium  of  fixed  alkali,  or  in  urine, 
wiih  or  without  the  addition  of  fome  green  vitriol.  The  fluffs 
intended  to  receive  a.  root  color  require  rno  previous  preparation  but 
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Although  the  principles  of  all  the  mechanical  arts  hav£ 
a  fingular  dependance  cii  chemiftry,  as  we  have  endeavoured 

to 

to  be  foaked  in  warm  water,  Thefe  dyes  are  chiefly  decodlion? 
of  nadUnut-Jhells,  ■•wallnut -roots,  alder-bark,  fumach  and  faunders. 
To  thefe  no  faiine  or  other  matter  is  added.  The  black  dyes, 
which  are  inks,  or  decoctions  of  galls,  mixed  with  green  vitriol, 
require  no  previous  preparation  of  the  fluff. 

Mr.  Hellot's  Theory  of  Dying  is,  that  the  coloring  particles  are 
fixed  into  the  pores  of  fcuifs  chiefly  by  means  of  a  vitriolated  tar  » 
tar,  which  he  believes  to  exiit  in  each  procefs,  to  be  produced  by 
the  acid  cf  alum  and  alkJine  baiis  of  tartar  in  the  procefs  for  red 
and  yellow  dyes,  to  exiil  originally  in  the  pot-am  employed  iri 
the  blue  dye,  and  in  the  nifiits  and  roots  employed  in  the  root- 
colored  dye.  He  fuppofes  that  the  pores  of  the  fluff  are  cleanfed 
and  enlarged  by  the  preparatory  falts;  and  by  the  boiling  water, 
fo  as  to  receive  the  coloring  particles,  which  particles  are  after- 
wards detained  by  the  contraction  of  the  pores  occafioned  by  cold  ; 
and  f  urther,  that  thefe  pores  are  lined  with  a  faiine  crull  of  vitri-* 
olated  tartar,  or  of  tartar;  which  falts  being  difficulty  foluble  in 
water,  retain  firmly  the  coloring  particles.  But  this  theory  can- 
not be  admitted,  when  we  confider  that  vitriolated  tartar  does  not 
exill  in  any  of  the  materials  ufed  in  fome  of  the  proceffes  for 
dying,  as  in  the  root-coiored  materials,  from  which  no  vitriolated 
tartar  can  be  obtained,  unlefs  accidentally,  till  they  have  been 
by  burning  reduced  to  afhes,  and  even  then  the  quantity  is  ex- 
ceedingly fmall ;  that  although  common  pot  afh  generally  con- 
tains lome  vitriolated  tartar,  yet  Mr.  Heliot  has  not  fhewn  that 
pure  fixed  alkali  is  incapable  of  producing  the  fame  effect;  and 
lafrly,  that  vitriolated  tartar  and  tartar,  although  they  require 
much  water  to  be  diffolved,  are  yet  foluble  by  water  ;  and  there- 
fore if  the  coloring  particles  were  fixed  chiefly  by  means  of  thefe 
falts,  they  might  be  warned  out  by  a  large  quantity  of  water  j 
which  we  find  to  be  contrary  to  experience. 

We  lhall  find  it  more  difficult  to  fubflitute  a  true  theory,  than 
to  refute  that  of  Mr.  Heliot.  Many  experiments  ought  to  be 
previoufly  made.  Neverthelefs,  it  may  be  obferved,  that  the 
colorific  particles  of  molt  fubliances  ufed  in  dying  feem  to  be  un- 
foluble  in  water,  in  fpirit  of  wine,  and  even  in  aikaline  iixiviums  ; 
that  their  diffufion  through  thefe  liquids  is  caufed  merely  by 
their  adhenon  to  certain  gammy  and  refmous  particles  ;  and  that 
they  may  be  dilengaged  from  thofe  gummy  and  refmous  matters, 
by  applying  a  piece  of  fluff,  to  which  they  have  a  greater  adhe-* 
five  power;  and  this  feems  to  be  the  cafe  of  the  root-colored  and 
blue  dyes  ;  or  by  applying  another  fubltance,  to  which  thefe  par- 
ticles have  a  greatei  power  of  adheiion  ;  fuch  as  the  earth  of  alum,  in 
thofe  dyes  where  that  fait  is  ufed  together  with  fome  other  fuMance, 
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Vo  (hew  in  many  parts  of  this  work,  few  of  them  are  fo  in- 
timately related  to  this  fcience  as  the  art  of  dying,  all  the 
operations  of  which  are  fo  many  chemical  operations. 
Thefe  operations  muft  be  defcribed  at  full  length  to  mew 
all  their  relations  to  chemiftry  ;  but  thcfe  details  would  lead 
us  too  far  from  our  object.  We  muft  confine  ourfelves  to 
fhew  the  molt  general  principles  of  dying.  Thefe  have 
been  already  explained  in  a  preliminary  difcourfe  to  the  Art 
of  Dying  Silk,  which  is  one  of  the  differtations  upon  the  arts 
publifhed  by  the  Royal  Academy  of  Sciences.  We  (hail 
here  only  make  an  extract  of  what  is  (aid  there,  to  oblige 
thofe  readers  who  have  not  that  collection. 

Moft  vegetable  and  many  animal  fubftances  contain 
coloring  principles  which  may  be  extracted  and  applied  to 
other  bodies:  but  thefe  coloring  principles  are  not  always 
nearly  of  the  fame  nature,  and  in  the  fame  ftete ;  and  thefe 
differences  require  that  different  methods  mould  be  em- 
ployed for  the  extraction  and  application  of  them. 

Some  of  thefe  coloring  particles  refide  partly  in  a  fapona- 
ceous  extractive  fubftance,  and  partly  in  an  earthy  and 

refinous 

?s  fixed  or  volatile  alkali,  capable  of  decompofing  alum  ;  or  as  the 
ferruginous  earth  of  the  green  vitriol  in  black  dyes,  to  which  the 
coloring  particles  of  the  galls  adhere  ;  which  earths  are  capable  of 
applying  themfelves,  and  of  adhering  to  the  fluffs.  The  fepara- 
tion  of  the  coloring  particles  from  the  gummy  and  refinous 
matters  is  probably  facilitated  by  the  addition  of  acids  and  neu- 
tral falts,  which  may  coagulate  in  fome  meafure  the  vegetable 
matters,  and  leave  the  colorific  particles  difengaged ;  lb  that 
they  may  apply  themfelves  to  the  fluff,  or  to  the  above-mentioned 
earths.  Thefe  falts  are  alfo  uleful  by  heightening  certain  colors; 
all  acid  falts  and  alum  having  the  property  of  heightening  the 
red  colors  of  vegetables.  The  metallic  fait  ufed  in  the  fcarlet 
dye  (which  confifls  of  a  decodtion  of  ccchineal,  to  which  a  folution 
of  tin  in  aqua-regia,  and  fome  tartar  are  added)  has  the  effect  of 
changing  the  crimfon  color  of  cochineal  to  a  vivid  fcarlet ;  and 
probably  has  alfo  the  other  effects  of  alum,  of  affording  an  earth, 
namely  that  of  tin,  to  which  the  coloring  particles  may  adhere, 
and  of  coagulating  the  vegetable  matters,  fo  that  they  (hall  leave 
the  coloring  particles  detached  and  fufpended  in  the  water.  The 
chief  difference  then  betwixt  the  falfe  and  true  dyes  is,  that  the 
coloring  particles  in  the  former  dyes  are  applied  to  fluffs,  together 
with  fome  gummy  or  refinous  matter  to  which  they  adhere,  and 
are  therefore  liable  to  be  warned  out  along  *ith  thefe  matters 
by  any  liquid  capable  of  diffolving  gums  or  refms ;  while  the 
coloring  particles  of  the  true  dyes  are  applied  to  fluffs,  either 
Vol.  I.  X  alone, 


D    Y   I   N  G 


refinous  matter.    When  fubftances,  the  colorific  particles 
of  which  are  in  this  ftate,  are  boiled  in  water,  they  im- 
pregnate the  water  with  their  color  ;  becaufe  a  part  of  the 
refinous  earthy  portion  is  mixed  and  diffufed  in  the  water 
by  means  of  the  iaponaceous  extractive  principle.    If  a  ftufF 
be  plunged  in  a  decoction  of  fuch  fubftances,  the  coloring 
particles  are  thereby  made  to  touch  and  apply  themfelves  to 
it,  and  even  to  adhere  firmly ;  becaufe  the  refinous  earthy 
coloring  principle,  when  once  united  to  the  fluff,  and 
feparated  from  the  extractive  principle,  is  no  longer  foluble 
either  by  water,  foap,  falts,  or  other  active  matters.  Several 
fubftances  are  known,  the  coloring  principles  of  which  are 
in  this  ftate.    Of  thefe  the  chief  are  the  green  Jhells  of  wall- 
nuts^  the  root  of  the  wallnut-tree,  fumach,  faunders,  bark  of 
alder,  and  the  fhell-fim  called  murex,  fuppofed  to  be  the 
purple  dye  of"  the  ancients.     Excepting  this  latter  fub- 
ftance,  which  gives  a  fine  red,  all  the  reft  give  a  dun  color, 
called  a  root-color,  but  which  is  valuable  notwithftanding 
its  little  luftre  ;  becaufe  it  is  very  ufeful  as  a  ground 
upon  which  other  brighter  colors  may  be  applied.  From, 
the  nature  of  thefe  coloring  ingredients  we  may  perceive 
that  no  preparation  is  neceftary  for  the  colors,  or  for 
the  matters  to  be  dyed.     They  furnifti  the  fimpleft  and 

alone,  or  adhering  to  fome  fine  earth,  as  the  earth  of  alum  or 
of  tin  ;  and  as  both  the  coloring  and  the  earthy  particles  are  un- 
foluble  in  any  liquids,  to  which  they  are  moft  apt  to  be  expofed, 
as  water,  foap-fuds,  &c.  they  are  capable  of  refilling  the  action 
of  thefe  liquids,  and  are  therefore  durable.  To  confirm  the  above 
conjectures  it  may  be  obferved,  that  when  the  coloring  particles 
of  vegetables  and  animals  are  diffufed  in  an  alkaline  lixivium,  by 
means  of  gummy,  refinous,  or  oily  matters  to  which  they  adhere, 
they  may  be  feparated  from  thefe  adhefive  matters  by  adding 
a  lam  j  the  acid  of  which  unites  with  the  alkali  of  the  lixivium; 
while  the  coloring  particles  apply  themfelves  to  the  bafis  or  earth 
of  the  alum,  now  difengaged,  with  which  they  form  what  are 
called  by  painters  lakes,  the  coloring  matter  of  which  is  not  now 
foluble  in  water  or  in  fpirit  of  wine  ;  although  thefe  liquids  are 
capable  of  extracting  that  coloring  matter  from  the  vegetable  and 
animal  fubftances  which  contain  it,  by  the  intervention,  as  b 
above  fuppofed,  of  fome  gummy  or  refinous  matters. 

For  further  particulars  concerning  dying,  and  the  chemical 
hiliory  of  dying  fubftances,  fee  Black,  Blue,  Crimson,  Sec. 
and  Cochineal,  Indigo,  Flowers,  Fruit,  Leaves,  &c. 
'1  he  details  of  the  particular  procefTes  in  this  art  are  defcribed 
fully  by  Mr,  Hcllot,  in  his  Treatifes  on  the  Art  of  Dying. 
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hloft  prafticable  kind  of  dying  ;  for  all  the  operation 
confifls  in  boiling  the  dying  materials  in  water,  and  in 
dipping  the  fluff  to  be  dyed  in  this  decoction. 

The  coloring  principle  of  another  kind  of  fubftance  is 
contained  in  a  matter  altogether  refinous,  which  is  fo  difpofed 
that  it  cannot  be  rendered  mifcible  with  water  by  means  of 
the  faponaceous  extractive  principle  of  the  fame  fubftance. 
The  principal  ingredients  of  this  kind  are  indigo,  which 
furnifhes  the  blue  dye,  and  the  flowers  of  cartamui,  or 
baflard  Saffron,  from  which  a  very  beautiful  red  is  pro- 
cured. Pure  water  cannot  extract  the  colors  from  theie 
matters.  The  blue  refinous  part  of  indigo  is  alfo  of  the 
nature  of  thofe  which  fpirit  of  wine  cannot  diffolve  :  but  as 
fixed  alkaline  falts  are  capable  of  acting  upon  all  refinous 
matters,  they  are  ufed  fuccefsfully  to  extract  the  coloring 
parts  of  thefe  ingredients,  and  to  rendef  them  fit  for 
dying. 

The  coloring  principles  of  almoft  all  the  other  vegetable 
and  animal  matters  which  furnifh  colors  for  dying,  and 
which  sare  very  numerous,  are  of  a  purely  extractive  fapo- 
naceous nature,  and  may  confequently  be  eafily  extracted 
by  water  alone ;  but  as  they  are  foluble  in  water,  they 
might  eafily  be  warned  a  vay  from  the  fluffs  to  which  they 
have  been  applied,  if  thefe  fluffs  had  not  previoufly  been 
impregnated  with  fome  matter  capable  of  producing  fome 
•hange  or  decompofition  on  the  coloring  part. 

A  method  has  been  found  of  fixing  colors  upon  fluffs 
by  different  falts,  with  which  the  fluffs  are  impregnated 
before  they  are  dyed.  The  extractive  coloring  particles  are 
fo  changed  by  thefe  falts,  that  they  lofe  their  property  of 
being  foluble  in  water,  and  are  even  rendered  capable  of 
refilling  the  action  of  foap,  and  other  fubflances  which  are 
apt  to  deflroy  mofl  colors,  and  are  therefore  ufed  to  prove 
the  durability  of  thefe. 

Of  all  the  falts  which  may  be  employed  for  this  purpofe, 
Glum  is  found  to  be  the  fittefl :  it  is  therefore  generally  em- 
ployed for  all  extractive  tinctures,  which  are  very  numerous, 
the  principal  of  which  are  luteola,  or  dyer's-weed,  and  all 
the  herbs  which  give  a  yellow  color,  madder,  vegetable 
kermes,  cochenil,  Brafil-wood,  log-wood,  and  other  woods  ani 
roots  ufed  in  dying.  Alum  is  not  the  only  fait  which  has 
this  effect.  All  neutral  falts  with  metallic  bafes  are  alfo  ca- 
pable of  fixing  the  extractive  colors  :  but  fome  of  thefe  are 
very  dear,  and  others  change  and  fpoil  the  colors  ;  fo  that 
alum  is  folelv  emploved  for  this  purpofe, 
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All  thefc  dyes  cannot  be  equally  well  fixed  by  alum, 
or  by  the  other  falts  above-mentioned.  Some  of  them 
•are  only  fo  much  fixed  by  alum  as  to  refill  the  action  of 
water,  but  not  of  the  other  fubftances  ufed  to  prove  the 
fixity  of  colors,  nor  even  of  the  air,  during  a  long  time. 
,This  latter  kind  of  dyes  are  called  falfe  or  fmall  tints ,  to 
diftinguuh  them  from  the  more  fixed  dyes,  called  great  or 
good  tints. 

Thefe  differences  muft  proceed  from  the  particular  nature 
of  each  of  the  coloring  materials :  but  very  accurate  ana- 
lyfes  of  thefe  materials,  and  a  great  number  of  new 
refearches  mutt,  be  made,  before  this  obfcure  fubjecT:  can  be 
explained.  It  will  even  appear  ftill  more  obfcure,  when  we 
confider  that  the  different  nature  of  the  fubftances  to  which  • 
the  dye  is  applied,  furprizingly  effecls  the  beauty  and 
fixity  of  colors.  For  inftance,  the  red  color  of  madder, 
which  is  fufficiently  beautiful  and  fixed  upon  wool  and 
cotton,  gives  but  a  falfe  tint  upon  thread  ;  alfo  cochenil, 
which  gives  a  vivid  and  bright  flame-colored  red  to  wool, 
*nd  even  to  moft  animal  matters,  does  not  adhere  to  filk,. 
cotton,  or  thread.  In  the  particular  details  of  the  proceffes 
for  dving  the  different  kinds  of  matters  many  other  fingular 
differences  may  be  found,  which  require  particular  attention^, 
to  be  explained.  The  moft  general  inference  from  thefe  par- 
ticular details  is,  that  wool  and  all  animal  matters  are  the  moft 
eafily  dved  ;  next  to  them,  filkand  other  fubftances,  which 
feern  to  be  intermediate  betwixt  the  animal  and  the  vegetable 
nature  ;  and  lalt  of  all,  thread,  and  vegetable  matters. 

The  few  facts  and  general  principles  we  have  advanced 
on  the  art  of  dying  are  fufficient  to  mew  its  connexion 
with  chemiftry,  and  how  much  it  may  be  improved  by  this, 
fcience. 


T7*  ARTHS.  Earth  is  one  of  the  four  fimple  fubftances: 
|*  j  called  elements,  or  primitive  principles  ;  becaufe 
they  are  indeed  the  moft  fimple  of  all  thofe  which  enter  into 
the  combination  of  compound  bodies.  We  cannot  doubt, 
in  particular,  that  the  greateft  part  of  the  compounds 
which  we  can  analyfe  contain  earth  as  one  of  their  prin- 
ciples j  for  after  art  has  exhaufted  all  its  efforts  to  decom- 
pofe  them,  a  fixed  and  folid  matter  always  remains,  upon 
v.hich  no  change  can  be  produced  ;  and  this  is  what  is 
generally  called  earth.    It  has  the  folidity,  weight,  fixity, 
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and  other  principal  properties  of  the  mafs  of  folid  matter 
which  forms  the  globe  we  inhabit,  called  alfo  the  earth. 

Thefe  general  confiderations  are  fufficient  to  convince 
us,  that  in  nature  a  fubttance  exifts  whofe  properties  are 
different  from  thofe  of  fire,  air,  water ;  and  which  is, 
like  thefe  other  fubftances,  one  of  the  elements  of  com- 
pound bodies.  But  a  vague  affertion  like  this  does  not 
iatisfy  chemifts.  Befides  the  afcertaining  of  the  exigence 
of  the  different  fubftances  fubmitted  to  their  examination, 
they  require  to  know  the  properties  of  thefe  fubftances 
in  their  greater!:  degree  of  purity  and  fimplicity ;  but  they 
have  found  much  difficulty  and  uncertainty  in  inyeftigating 
the  effential  properties  of  the  pureft  and  fimpleft  terreftrial 
element. 

Earth  is  not  found  fo  pure  as  the  other  elements,  fire,  air, 
and  water,  which,  though  not  entirely  free  from  mixture, 
are  however  fo  pure,  that  we  may  certainly  and  eafily  dif- 
cover  their  fundamental  properties.  Thefe  properties  of 
•each  of  thefe  pure  elements  are  fo  well  afcertained,  and  fo 
evident,  that  nobody  has  yc-t  attempted  to  diftinguifh 
different  kinds  of  fire,  air,  or  water,  notwithftanding  the 
differences  which  may  arife  from  the  heterogeneous  fub- 
ftances with  which  they  are  almoft  always  mixed. 

But  we  cannot  fay  the  fame  of  earth  ;  for  a  confiderable 
number  of  fubftances  are  called  earths,  becaufe  they  poffefs 
the  principal  properties  of  the  terreftrial  element  :  but 
thefe  fubftances,  when  examined  more  particularly,  are 
always  found  to  differ  from  each  other  fo  much  in  other 
refpects,  and  to  be  fo  difficultly  purifiable  from  heteroge- 
neous matter,  that  we  have  not  afcertained  whether  only 
one  fimple  and  elementary  earth,  or  feveral  ones  effential ly 
different,  although  equally  fimple,  exift. 

The  moft  general  and  moft  probable  opinion  is,  that  as 
only  one  kind  of  fire,  of  air,  and  of  water,  fo  only  one 
kind  of  limple  elementary  earth,  exifts.  Alchemifts  chiefly 
have  endeavoured  to  difcover  this  primary  earth,  not  with 
an  intention  to  afcertain  its  properties,  but  becaufe  they 
imagined  that  as  gold  is  the  pureft  of  metals,  the  earth  of 
which  it  is  partly  compofed  muft  be. alfo  the  moft  pure; 
they  have,  therefore,  fearched  every  whfre  for  this  earth, 
which  they  call  pure  earth  and  virgin  earth.  They  have 
endeavoured  to  obtain  it  from  dew,  rain,  the  air,  afhes  of 
vegetables,  animals,  and  feveral  minerals  :  but  it  was  im- 
poffible  to  find  it  in  compound  bodies ;  for  we  fhall  fee 
that  when  once  this  element  makes  part  of  a  compound 
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body,  it  cannot  be  difengaged  from  the  fubftances  with 
which  it  has  united. 

Some  of  the  beft  philofophical  chemifts  have  rather  chofe 
to  admit  different  kinds  of  elementary  earths,  than  to  in- 
veftigate  the  nature  of  the  moft  fimple  and  elementary  of 
all.  Becker  admits  three  principles,  which  he  calls  earths, 
namely,  the  vitrifiable,  the  inflammable ,  and  the  /mercurial 
earth,  which  are  known  by  the  name  of  the  three  earths  of 
Becker. 

Mr.  Pott,  examining  the  principal  natural  earths,  divides 
them  into  four  kinds,  the  verifiable,  the  calcareous,  the  argil- 
laceous, and  the  gypfeous  earths.  This  able  chemifts  mew 
the  efTential  propetties  of  thefe  four  kinds  of  earths,  without 
affirming  that  they  are  all  equally  fimple,  and  without  even 
determining  which  of  them  he  confidered  as  moft  fimple. 

As  earth  is  an  element  which  enters  into  the  compofition 
of  almoft  all  bodies,  and  which  feems  chiefly  to  effecT:  their 
properties,  it  deferves  an  accurate  inveftigation  to  difcover 
which  is  the  moft  fimple  and  elementary  of  all  the  fub- 
ftances  to  which  the  name  earth  has  been  applied.  This 
fubjecl:  feems  capable  of  decifion  by  confidering,  firft,  what 
are  the  efTential  properties  by  which  earthy  fubftances  differ 
from  other  elements,  and  then  by  determining  that  earth  to 
be  the  moft  pure  and  fimple,  which  pofTefTes  thefe  properties 
moft  eminently  and  decifively ;  for  we  cannot  doubt,  that 
the  properties  diftinguifhing  earthy  matters  from  the  other 
elements  are  the  efTential  and  fpecific  characters  of  the  earthy 
element ;  and  alfo,  that  the  more  eminently  any  fubftance 
pofTefTes  thefe  charadHftic  properties  of  the  earthy  element, 
the  nearer  it  approaches  to  this  element,  confidered  in  its 
ftate  of  purity  and  fimplicity. 

This  being  eftablifhed,  if  we  compare  with  the  other  ele- 
ments all  the  fubftances  which  may  reafonably  be  confider- 
ed as  earthy,  we  fhall  foon  be  convinced,  that  thefe  pofTefs 
much  greater  weight,  hardnefs,  fixity,  and  infufibility,  than 
any  other  element ;  for  thefe  qualities  are  infenfible,  or  do 
dot  exift,  in  the  element  of  fire  ;  they  are  in  an  exceeding- 
ly fmall  degree  in  the  air,  and  are  more  fenfible  and  con- 
fiderable  in  water  ;  but  are  infinitely  lefs  than  in  any  thing 
which  can  be  confidered  as  earth.  Hence  we  ought  to  con- 
clude, that  the  qualities  above-mentioned  are  the  diftin- 
guifhing and  characteriftic  efTential  properties  of  the  earthy 
element.  But  thefe  qualities  are  not  fo  eminently  united 
in  any  of  thofe  fubftances  which  are  confidered  as  earthy* 
as  in  that  which  is  called  by  chemifts,  vitrifiable  earth*  We 
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fay  then,  that  this  earth  is  the  heavieft,  hardeft,  moit  fixed, 
and  moft  infufible,  and  even  the  moft  apyrous  of  all  earths, 
when  it  is  very  pure ;  and  alfo  that  it  is  the  moft  homoge- 
neous, the  moft  fimple,  and  elementary  earth,  as  we  (hall 
prove  by  a  more  particular  examination  of  its  properties, 
and  by  a  companion  of  thefe  with  the  properties  of  the 
other  earthy  fubftances. 

We  call  that  vitrifiable  earth,  the  integrant  parts  of  which 
when  united  form  maffes  of  matter  or  ftones,  abfolutely 
white  and  colorlefs,  much  more  tranfparent  and  hard  than 
any  other  natural  fubftances,  and  which  fuffcrs  no  altera- 
tion, or  even  fufion,  by  the  ftrongeft  fire  which  we  can  ap- 
ply to  it. 

Amongft  the  hard  ftones  called  verifiable,  we  indeed 
know  few  which  ftrictly  pofTefs  all  the  qualities  we  have 
mentioned ;  becaufe  in  very  few  of  them  the  verifiable 
earth  is  pure.  Moft  of  thefe  ftones,  as  hard  pebbles  of  all 
kinds,  fand,  free-ftone,  agates,  quartz,  rock-cryftal,  and 
the  ftones  called  precious,  are  deficient  in  fome  of  the  qua- 
lities required  to  conftitute  the  pureft  vitrifiable  earth. 
£ome  of  them  are  opake,  or  only  femi tranfparent ;  others 
are  colored  j  fome  are  fufible  by  a  great  heat ;  and,  laftly, 
others,  although  much  harder  than  any  other  kind  of  ftones, 
want  the  laft  degree  of  hardnefs  ;  all  which  prove  that 
they  are  mixed  with  heterogeneous  fubftances,  chiefly  phlo- 
giftic,  metallic,  or  even  earthy,  of  a  different  kind. 

The  pureft  of  all  the  vitrifiable  ftones  is  the  diamond, 
which  is  perfectly  white,  free  from  all  color  or  ftain,  and 
tranfparent.  This  ftone  is  alfo  known  to  be  the  hardeft 
of  all,  is  abfolutely  apyrous,  that  is,  incapable  of  receiving 
any  alteration  by  the  moft  violent  heat.  We,  therefore, 
confider  the  matter  of  this  ftone  as  the  pureft,  fimpleft,  and 
moft  elementarv  earth  that  is  known.  The  properties, 
then,  of  this  ftone,  and  of  the  other  vitrifiable  ftones  which 
refemble  it,  may  give  us  notions  of  the  properties  of  pri- 
mary, elementary,  unchanged  earth.  In  this  our  opinion 
is  conformable  to  that  of  the  illuftrious  Stahl,  who  indeed 
admits  the  three  earths  of  Becker  ;  but,  at  the  fame  time, 
corrects  the  theory  of  this  chemift,  by  declaring  that  he  only 
confiders  the  firft  earth  of  Becker,  or  vitrifiable  earth,  as 
the  proper  terreftrial  or  earthy  element.  Specimen  Beckeria- 
nura,  p.  44..  No.  25. 

But  before  we  particularly  enumerate  the  properties  of 
this  earth,  we  ought  to  make  fome  obfervations  on  thofe 
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hard,  earth v,  and  ftoney  matters  called  by  chemifts  vitri- 

fiabL. 

Our  firft  obfervation  fhall  be  concerning  the  name  vkrU 
fable  earth  \  becaufe  it  may  produce  falfe  notions  of  the 
nature  of  thefe  ftones. 

We  fay  then,  that  the  epithet,  vitrifiable^  is  given,  firft, 
becaufe  fome  ftones  of  this  kind  are,  by  means  of  their 
heterogeneous  matters,  capable  of  fufion  and  converfion  into 
glafs,  without  addition,  and  merely  by  the  action  of  a 
very  violent  heat ;  and  fecondly,  becaufe  other  ftones  of 
this  kind,  which  are  lefs  fufible  than  thefe  now  mentioned, 
but  which  are  yet  more  fo  than  ftones  of  other  kinds,  require 
for  their  perfect  fufion  and  vitrification  a  lefs  quantity  of 
flux,  and  a  lefs  degree  of  heat. 

In  the  fecond  place,  as  all  the  earths  and  ftones  called 
Verifiable  have,  notwithstanding  their  impurity,  more  hard- 
nefs  and  tranfparency  than  others,  and  are  fitter  to  commu- 
nicate thefe  good  qualities  to  glafs,  they  are  employed  pre- 
ferably to  any  other  earths  in  the  compofition,  of  glafs,  or 
artificial  cryftal.  Thefe  are  the  only  reafons  why  this  kind 
of  earth  has  been  called  verifiable.  But  we  ought  not 
from  thence  to  conclude,  that  the  earthy  fubftance  which 
almoft  entirely  compofes  them  is  more  fufible  and  more 
verifiable  than  other  earths  :  on  the  contrary,  I  again  fay, 
that  verifiable  earth,  when  very  pure,  is  of  all  earths  the 
leaft  fufible,  and  the  leaft  vitrifiable.  I  was  prefent  at  a  fine 
experiment  made  relatively  to  this  fubject.  Some  diamond 
powder  was  mixed  with  a  fufScient  quantity  of  fixed  alkali  to 
vitrify  another  earthy  matter,  and  the  mixture  expofed  to  a 
heat  fulficient  for  the  moft  difficult  vitrifications.  After  the 
operation,  no  glafs  was  found  in  the  crucible  j  but  part  of 
the  alkali  had  been  difiipated  by  the  violence  of  the  heat, 
and  the  diamond  powder  did  not  fhew  any  figns  of  a  be- 
ginning fufion.  Thus  we  may  confider  it  as  an  eftablifhed 
truth,  that  the  earths  and  ftones  called  vitrifiable  are  not 
effentially  and  really  fo  j  that  the  fufibility  of  fome  of  thefe, 
by  which  property  they  are  rendered  the  fitteft  earths  for 
vitrification,  proceeds  from  heterogeneous  matter  with  which 
they  are  mixed  :  and  that,  in  general,  the  whiteft,  cleareft, 
moft  tranfparent  and  hardeft  of  thefe  ftones  are' alio  the  moft 
refractory  and  unfufible.    See  Vitrification. 

Our  fecond  obfervation  jfhall  relate  to  the  weight  of  vitri- 
fiable earths.    We  have  already  faid,  that  the  pureft  and 
fimpleft  of  all  earths  ought  to  be  alfo  the  heavieft;  and  ac- 
cordingly 
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cordingly  we  find  that  pure  verifiable  earth  is  fpecifically 
heavier  than  calcareous,  argillaceous,  gypfeous,  or  other 
earths.  We  are,  nevertheless,  no  lefs  certain,  that  metals, 
metallic  earths,  and  feveral  kinds  of  Spars,  both  calcareous 
and  Selenitic,  are  much  heavier  than  the  moft  compact 
verifiable  (tones  :  but  we  mull  confider  that  thefe  earthy 
matters  are  very  compound  bodies  in  comparifon  of  the 
purer  earths.  An  objection  may  be  made,  that  if  elemen- 
tary earth  be  effcntially  the  heavieft  of  all  matters,  then  any 
body  compounded  of  this  earth  and  other  matters  ought  tp 
be  lighter  than  pure  earth.  This  objection  would  be  un- 
answerable, if  the  Specific  gravity  of  a  body  was  always 
equal  to  the  fpecific  gravities  of  the  integrant  and  confti- 
tuent  parts  which  compofe  it  :  but  as  thefe  parts  may  be  fo 
arranged  that  void  Spaces  may  be  left  betwixt  them,  Some- 
times larger,  and  Sometimes  leSs,  therefore  a  body  compofed 
of  parts  efifentially  lighter,  may  yet  have  a  greater  Specific 
gravity  than  another  body  whofe  parts  are  efientiaily  heavier  ; 
and  this  happens  in  all  metals  and  metallic  matters.  Set 
Metals  and  Metallisation.  Thus  the  gravity  of  me- 
tals and  of  metallic  earths  and  {tones  ought  not  to  prevent 
our  confidering  the  pure  and  elementary  earthy  principle  as 
the  heavieft  of  all  natural  fubftances. 

After  thefe  explanations,  we  may  confider  the  properties 
of  elementary  earth  in  the  pureft  verifiable  Stones,  and  may- 
compare  them  with  the  properties  of  the  other  elements. 
Since  of  thefe  elements  water  is  the  moft  capable  of  our 
examination,  we  mail  compare  it  with  the  pureft  vitrifiable 
earth  ;  obferving  always,  that  we  confider  theSe  elements 
in  their  State  oS  aggregation ;  for  we  have  no  method  by 
which  their  primary  integrant  parts  can  be  known  and  con- 
sidered feparately. 

If  then,  on  one  fide,  we  confider  a  mats  of  water,  abfo- 
lutely  pure,  expofed  to  a  cold  fufficient  to  form  it  into 
hard,  compact:,  folid  ice;  and  if,  on  the  other  fide  we 
compare  to  this  a  mafs  of  vitrifiable  earth,  as  a  diamond, 
or  even  a  very  fine  and  clear  rock-cryftal,  we  Shall  eafily 
perceive  that  thefe  two  matters  refemble  perfectly  each 
other  in  their  appearance;  we  mail  find  that  both  of  them 
are  colorlefs,  inodorous,  and  taftelefs ;  and  that  their 
transparency  is  alike  :  therefore,  if  we  could  no  further 
examine  their  properties,  we  muft  confider  them  as  being 
of  the  fame  matter  ;  but  when  the  other  properties  of  thefe 
fubftances  are  examined,  as  weight,  hardnefs,  fufibility, 
and  fixity,  then  we  mall  perceive  differences,  which  indeed 
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are  only  in  the  degrees  of  thefe  properties  poffeffed  by  each 
©f  the  two  fubftances    but  the  difference  of  thefe  degrees  is 
very  great.  Thus  the  fpecific  gravity  of  rock-cryftal  is  almoft: 
four  times  that  of  ice ;  their  hardnefs  alfo  is  fo  different, 
that  the  earthy  fubftance  refifts  the  point  of  the  hardeft  fteel, 
without  being  fcratched  ;  and  when  ftruck  by  fteel,  elicits 
ignited  fparks  ;  while  ice  may  be  eafily  cut  by  inftruments 
of  fteel,  and  does  not  elicit  fparks  when  ftruck :  their  dif- 
ference of  fufibility  is  Hill  more  fenfible,  the  ice  becoming 
fluid  by  a  gentle  warmth,  which  does  not  fenfibly  affect 
rock-cryftal  in  any  refpecl:.    I  fay,  fenfibly ;  becaufe  with 
the  leaft  diminution  of  cold  it  is  certainly  fomewhat  affect- 
ed, fo  far  as  to  be  expanded,  and  confequently  to  be  lefs 
hard  and  heavy.    But  thefe  two  latter  affections,  particu- 
larly, are  fo  inconfiderable  in  a  verifiable  ftone  with  the 
heat  neceffary  to  thaw  ice,  that  probably  it  cannot  be  efti- 
mated.    Laftly,  if  we  continue  to  examine  thefe  two  fub- 
itances  by  a  heat  gradually  augmented,  we  ftiali  fee  the 
water  totally  diffipated  in  vapors,  before  even  either  of  thefe 
fubftances  has  become  red-hot,  and  the  verifiable  ftone 
fupport  a  heat  almoft  infinitely  encreafed,  till  it  is  white 
and  dazzling,  without  becoming  fluid,  or  without  any 
part  of  it  exhaling  in  vapors ;  for  it  may  be  afterwards 
found  to  have  loft  no  weight  by  having  been  expofed*  to 
this  heat. 

So  far  we  can  extend  our  examination  ;  for  I  do  not 
believe  that  a  pure  verifiable  earth,  as  a  diamond,  can 
be  fufed  even  in  the  focus  of  the  beft  burning  fpecu- 
lums  :  but  fuppofing  that  a  fufficient  heat  might  be  pro- 
duced to  procure  this  fufion,  or  that  this  ftone  were  ex- 
pofed  to  infinitely  greater  heat,  fuch  as  we  conceive  to  be 
in  the  body  of  the  fun,  it  would  then  melt,  and  would 
even  be  reduced  to  vapors,  if  the  heat  were  fufficiently  vio- 
lent ;  and  when  this  heat  fhould  ceafe,  it  would,  when  it 
cooled,  fix  again,  and  become  fuch  a  fubftance  as  it  was 
before.  The  fame  would  happen  to  verifiable  earth  in 
thefe  circumftances,  which  does  happen  to  water  rendered 
fluid,  and  reduced  to  vapor  by  a  certain  heat,  and  which  is 
again  frozen  into  folid  ice  when  that  heat  is  removed. 
The  differences,  therefore,  betwixt  rhefe  two  fubftances 
are  only,  as  we  have  already  faid,  in  the  degrees  ->  but  alfo 
thefe  differences  are  very  confiderable. 

From  thefe  confiderations  an  inference  feems  deducible, 
that  the  elements  or  the  fimpleft  fubftances  which  we  know 
aje  efientially  only  one  and  the  fame  matter,  and  only  differ 
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from  each  other  in  the  quantity  and  in  th£  form  of  their 
primary  integrant  molecules,  which,  from  this  difference 
of  form  and  quantity,  have  a  greater  or  lefs  tendency  to 
unite  together ;  and  we  might  be  inclined  to  believe  that  a 
certain  kind  of  analogy  or  gradation  exifts  betwixt  them  : 
thus,  for  example,  that  earth  mould  be  to  water,  what 
water  is  to  air,  and  what  air  is  to  fire,  or  rather  to  fome 
unknown  intermediate  fubitances  betwixt  air  and  fire  ;  for 
the  difference  betwixt  thefe  two  latter  elements  appears  too 
great  to  be  compared  v/ith  the  differences  amongft  the  thres 
former.  But  thefe  are  fpeculations  entirely  fyftematic  ;  for 
we  are  very  far  from  being  capable  of  eftimating  the  effen- 
tial  properties  of  elements  fufficiently  exact,  to  be  able 
to  determine'  any  thing  precifely  and  poiltively  in  this  re- 
fpect. 

However  that  may  be,  we  cannot  doubt  but  that  earth 
chiefly  differ;  from  the  other  elements  by  the  powerful 
tendency  which  its  parts  have  to  each  other,  and  by  the 
force  of  their  cohefion.  For  its  hardnefs,  fuiibility,  fixi- 
ty, and  even  its  gravity,  are  evidently  the  neceffary  con- 
fequences  of  this  principal  and  efiential  property.  And 
by  this  property  does  the  earthy  element  act  in  the  fyftem 
of  nature.  By  this  it  is  the  caufe  of  the  confidence  of 
all  folid  bodies.  It  receives,  fixes,  and  incorporates  in 
fome  meafure  the  other  elements. 

Laftly,  as  without  fire  the  whole  world  would  be  one 
mars  of  folid  and  immoveable  matter,  fo  without  earth  it 
would  be  a  confufed  heap  of  fogs,  vapors,  a  chaos  of  in- 
coherent atoms,  deftitute  of  that  harmony  and  equilibrium 
which  fuftain  it. 

We  have  already  had  occafion  to  mew,  in  feveral  parts 
of  this  work,  that  the  general  tendency  of  the  parts  of 
matter  to  each  other  is  the  grand  fpring  of  the  univerfe  ; 
that  by  this  power,  all  combinations,  folutions,  and,  in  a 
word,  all  the  movements  and  operations  of  nature  are  per- 
formed :  and  as  we  have  fliewn  that  the  earthy  element 
poffeffes  this  tendency  in  the  greateft  degree,  we  ought  ro 
confider  earth  as  being  in  this  fenfe  the  moft  active  and 
powerful  of  all  elements.  This  notion  is  contrary  to  the 
opinions  of  chemifts  and  philofophers,  who  from  not  having 
fufficiently  examined  this  fubject,  and  being  deceived  by 
the  feeming  inactivity  of  earth  confidered  in  its  ftate  of  ag- 
gregation, have  affirmed  it  to  be  an  element  purely  paffive, 
and  only  capable  of  impulfe  from  other  elements.  Indeed 
when  the  parts  of  earth  are  united  together,  they  appear  to 


EARTHS 


be,  and  really  are,  incapable  of  acting  upon  other  bodies, 
becaufe  they  then  exhauft  all  their  action  mutually  upon 
each  other.  But  the  force  with  which  they  adhere  together, 
and  which  renders  them  incapable  of  forming  other  unions, 
the  extreme  hardnefs,  and  the  infolubility  of  a  mafs  of  pure 
earth,  ought  to  demonftrate  to  a  true  philofopher,  that  if 
.we  fuppofe  the  parts  of  earth  fo  feparated  from  each  other, 
that  they  cannot  unite,  and  exhauft  their  action  upon  each 
other,  they  mult  then  poftcfs  all  their  force  of  tendency, 
which  mull  be  very  great,  they  muft  be  in  a  ftate  of  vio- 
lent effort,  and  confequently  muft  tend  with  extreme  force 
to  unite  with  any  parts  of  matter  which  may  be  within 
their  reach,  and  to  which  they  can  apply  thernfelves.  Wc 
do  not  indeed  know  any  pure  earth  which  is  in  this  ftate 
of  broken  aggregation :  but  we  know  compounds  in 
which  the  primitive  integrant  parts  of  the  earthy  element 
are  only  combined  with  the  parts  of  water,  which  are  in- 
capable of  fatisfying  all  their  tendency  to  union.  Thefe 
are  the  moft  fimple  faline  fubftances,  fuch  as  acids  and  al- 
kalis ;  and  we  may  judge  by  the  force  and  vehemence  of 
the  action  of  thefe  folvents,  how  violent  the  action  of  the 
parts  of  earth  would  be,  which  fliould  be  capable  of  exert- 
ing all  the  attractive  force  which  belongs  to  them. 

Although  the  entire  mafs  of  our  globe  be  probably 
formed  by  an  immenfe  heap  of  elementary,  vitrifiable,  and 
even  actually  vitrified  earth,  as  the  Uluftrious  Buffon  be- 
lieves, we  do  not  find  upon  its  furface  but  a  very  fmall 
quantity  of  this  earth,  unaltered,  and  in  its  primary  ftate. 
Perhaps  even  none  of  it  exlfts  in  that  ftate  :  for,  as  we 
have  obferved,  the  common  vitrifiable  ftones,  which  are 
chiefly  formed  of  it,  are  very  far  from  the  degree  of  puri- 
ty of  primary  elementary  earth  ;  and  even  perfect  diamonds,, 
which  feem  of  all  thefe  ftones  to  approach  the  neareft  to 
this  purity,  feem  to  have  been  elaborated  by  the  waters, 
if  we  can  judge  from  their  regularly  cryftallized  form. 

We  mall  not  be  furprized  at  the  fcarcity  of  pure  earthy 
element,  if  we  confider  that  the  furface  of  the  earth,  which 
alone  we  are  acquainted  with,  has  been  from  the  beginning 
of  the  world  expofed  to  the  conftant  action  of  the  other 
elements ;  and  that  by  uninterrupted  operations,  nature, 
aflifted  by  fire,  air,  and  water,  has  gradually  difunited  the 
integrant  parts  of  elementary  earth,  and  by  combining  them 
in  manners  and  proportions  infinitely  various  with  parts  of 
the  other  elements,  has  formed  the  numberlefs  compound 
bodies,  which  occupy  a  certain  thicknefs  near  the  circum- 
ference 
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ference  of  the  globe,  probably  very  fmall  in  comparifon  of 
the  diameter  of  the  earth,  but  very  large  with  regard  to  us, 
whofe  greateft  efforts  only  extend  to  a  few  hundred  feet  be- 
low its  furface. 

All  the  portions  of  elementary  earth,  which,  having 
been  thus  difunited,  have  afterwards  been  combined  with 
parts  of  matter  of  other  kinds,  have  received  very  fenfible 
changes,  the  effects  of  which  always  remain,  and  prevent 
them  from  appearing  afterwards,  notwithftanding  future 
decompofitions,  in  their  original  purity  and  fimplicity. 
They  then  afliirae  different  forms  according  to  the  nature 
of  the  compounds  into  the  combination  of  which  they  have 
entered.  Thus,  for  example,  the  earth  which  makes  parts 
of  the  cruftaceous  animals,  or  rather  of  their  fhells  and 
fcales,  takes  the  character  of  that  earth  which  is  called 
calcareous,  and  which  is  capable  of  converfion  into  quick- 
lime by  the  action  of  fire.  The  earth  which  has  entered 
into  the  compofition  of  plants,  and  even  of  the  bodies  of 
animals,  after  having  been  deprived  as  much  as  is  poflible 
of  the  principles  of  thefe  cornpounds  to  which  it  was 
united,  forms  all  the  argillaceous  earths.  Some  of  thefe  are 
found  which  partake  both  of  the  calcareous  and  of  the 
argillaceous  properties,  and  are  called  marks.  Maries  have 
not  yet  been  fufficiently  well  examined  by  chemifts.  They 
are  either  a  mixture  of  clay  and  calcareous  earth,  or  they 
have  been  fo  elaborated  by  nature  as  to  be  transformed  into 
a  particular  earth,  partly  calcareous,  and  partly  argillaceous, 
fuch  as  the  earth  of  animal  bones  feems  to  be. 

As  the  earth  which  forms  fands  and  the  common  impure 
verifiable  ftones  retains  more  than  the  reft  the  elTential  pro- 
perties of  elementary  earth,  notwithftanding  the  hetero- 
geneous, phlogiftic,  and  other  parts  with  which  it  is  mixed  ; 
we  cannot  eafily  know  whether  it  has  once  made  a  part 
of  fome  very  compound  bodies,  from  the  principles  of 
which  it  has  been  more  perfectly  feparated  than  the 
argillaceous  and  calcareous  earths ;  or  whether  it  be  the 
primitive  earth,  which,  without  having  made  part  of  any 
intimate  combination,  has  only  been  divided  and  conveyed 
by  waters,  and  the  parts  of  which  have  afterwards  reunited, 
having  only  contracted  a  flight  union  with  fome  phlo- 
giftic, metallic,  and  other  matters,  with  which  it  is  found 
mixed.  This  latter  fuppofition  appears  to  me  to  be  the 
moft  probable.  But  very  extenfive  refearches  in  natural 
hiftory  and  in  chemiftry  are  requifite  to  determined  this 
queftion. 

from 
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From  what  we  have  faid  concerning  the  principal  kind* 
fcf  earths  which  form  the  furface  of  the  globe,  we  may 
conclude,  that  excepting  the  pureff  verifiable  earth,  ali 
the  others  are  mixed  with  heterogeneous  matter.  By  thefe 
remaining  heterogeneous  matters  are  the  different  kinds 
of  earth  fpecified  and  character i fed  :  and  as  they  all  preferve 
and  retain  their  peculiar  character,  we  ought  to  conclude 
from  thence,  that  thefe  extraneous  matters  are  very  inti- 
mately united.  To  purify  and  fimplify  thefe  mixed  earths, 
fo  that  they  fhall  be  affimilated  to  the  pureft  verifiable 
earth,  would  be  a  fine  problem.  But,  probably,  this  pro- 
blem is  beyond  the  power  of  our  art.  For  as,  in  general, 
the  perfect  feparation  of  two  fubftances,  united  together, 
is  exceedingly  difficult,  this  difficulty  muft  greatly  increafe, 
when  one  of  the  two  fubftances  to  be  feparated  has  a 
very  ftrong  attractive  power,  as  earth  has.  This  is  the 
true  reafon  why  we  find  fo  fmall  a  portion  of  pure  earth 
amongft  the  bodies  within  our  reach  ;  and  that  on  the 
contrary,  the  globe  is  covered  with  fo  great  a  quantity  of 
earthy  fubftances  differing  from  each  other  fo  much,  that  we 
might  be  inclined  to  believe  them  to  be  bodies  effentially 
different.  See  the  articles^  Earth  (Calcareous),  Earth 
(Vitrifiable).  (x) 
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fx  J  In  this  article  the  author  has  advanced  forne  ingenious 
fpeculations,  but  in  ray  opinion  feveral  of  his  propofitions  are 
affirmed  without  proof,  and  fome  of  his  inferences  are  not  con- 
clufive.  The  fubject  does  not  appear  to  me  capable  of  being 
treated  fo  decifively.  Mofl  philofophers,  ancient  and  modern, 
have  enumerated,  according  to  their  theories,  the  elements  of 
which  they  believed  all  fubftances  to  be  conftituted.  Neverthe- 
lefs,  they  have  not  yet  proved  the  exiftence  of  any  one  element. 
The  impoffibility  even  of  fuch  a  proof  appears  from  confidering, 
that  the  only  reafon  which  can  induce  us  to  believe  any  fubftance 
to  be  an  element,  is,  that  we  are  incapable  of  decompofmg  that 
fubftance ;  and  that  our  incapacity  to  decompofe  does  not  nccef- 
farily  imply  an  impoffibility  of  decompofition.  For  if  we  mould 
call  every  fubftance  an  element  that  we  cannot  analyfe,  (and  thus 
we  might  fpeak  precifely  concerning  elements)  then  certainly 
many  other  fubftances  betides  fire,  air,  water,  and  earth,  might 
be  enumerated  as  elements.  According  to  this  meaning  tho 
number  of  elements  will  deereafe,  when  means  of  decompofmg 
fome  of  thofe  which  cannot  now  be  decompofed  are  difcovered. 
The  author  believes  that  only  One  kind  of  elementary  earth 
exifts,  aj;d  he  further  believes  that  this  earth  is  that  which  he 
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EARTH  (ANIMAL),  (y) 

EARTH  (ARGILLACEOUS).   See  Clay. 

EARTH 

and  fome  other  authors  call  'vitrifiable.  But  befides  that  the  clafs 
of  earths  called  vitrifiable  contains  many  fubftances,  the  pro- 
perties of  which  are  exceedingly  different,  no  proof  can  be 
given  that  thofe  fubftances,  which  are  believed  to  be  the  pureft 
of  this  clafs  of  earths,  as  diamonds,  are  more  fimple  and  elemen- 
tary than  calcined  calcareous  earths,  argillaceous  earths,  earth  of 
magnefia,  metallic  or  many  other  earths  ;  all  which,  when  puri- 
fied by  ordinary  methods,  are  as  incapable  of  decompofition  as 
diamonds  are,  and  confequently  as  well  entitled  to  be  confidered 
as  elementary. 

Earths  are  divided  by  Mr.  Pott  into  vitrifiable,  argillaceous, 
calcareous,  and  gypfeous.  The  author  of  the  Dictionary  follows 
this  divifion.  Other  authors  have  invented  other  divifions, 
and  enlarge  the  number  of  clafTes,  by  which  their  difpofitions  are 
more  comprehenfive  and  diftinct. 

But  although  thefe  arbitrary  arrangements  of  natural  fub- 
ftances may  aflift  the  memory  of  learners,  yet  as  they  are  all 
very  imperfect,  our  knowledge  will  be  alfo  very  imperfect, 
unlefs  we  confider  feparately  each  {pedes,  in  the  notes  to  this 
Dictionary,  therefore,  the  chemical  properties  of  each  fpecies, 
as  well  as  of  the  general  and  clafTes  of  earths,  (in  which  are  com- 
prehended, not  only  fubftances,  commonly  called  earths,  but  alfcj 
ltones,  Hates,  fpars,  and  talks)  lhall  be  mentioned  as  the  names 
of  thefe  fpecies  occur  in  the  alphabetical  order. 

(y)  Earth  (Animal)  is  the  earth  of  fhells  of  animals;  or 
that  which  is  obtained  by  calcination,  or  putrefaction  of  ani- 
mal fubftances.  i.  The  earths  of  the  Jhells  of  Sea  Fijbfs 
have  the  general  properties  of  calcareous  earths.  See  Earths 
(Calcareous).  It  is  faid  to  differ  from  the  mineral  calca- 
reous earths  in  being  more  difficultly  foluble  by  vitriolic  acid, 
and  in  being  lefs  difpofed  to  vitrify  along  with  falts  and 
metallic  glaffes.  The  Jhells  of  eggs  are  alfo  calcareous,  but  are 
fomewhat  fufible  by  fire.  2.  The  earths  of  calcined  bones  and 
horns  are  foluble  by  nitrous,  marine,  and  vegetable  acids,  and 
with  difficulty  by  vitriolic  acid  ;  but  are  not  capable  of  being 
converted  into  quicklime  by  calcination.  They  are  faid  to  be 
unfufible,  even  when  mixed  with  fait,  metallic  glafTes,  and 
other  fufible  mixtures.  They  are  therefore  ufed  in  the  com- 
pofition  of  enamels  and  opake  white  glafTes.  Neverthelefs, 
Wallerius  affirms,  that  the  earth  of  calcined  bones,  by  intenfe 
heat,  was  changed,  without  addition,  to  a  green  glafs.  See 
Mem.  Sued.  1 760.  The  fame  author  fays,  that  the  earth  of  the 
whites  and  yolks  of  eggs  was  eafily  fufible,  and  that  in  general 
the  fufibility  of  animal  earths  is  in  proportion  to  the  foftnefs  of 
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EARTH  (CALCAREOUS).  Chemifts  have  give* 
this  rlame  in  general  to  all  earths  and  ftones,  which  being 
burnt  acquire  the  properties  of  quicklime. 

Nature  prefents  to  us  a  confiderable  quantity  of  cal- 
careous earths  and  ftones,  which  have  peculiar  differences 
depending  on  their  greater  or  lefs  purity,  but  which 
referable  each  other  by  effential  properties  common  to  all, 
and  particularly  by  their  capacity  to  receive  calcination. 

The  principal  kinds  of  thefe  earths  or  ftones  are,  chalks, 
all  the  calcinable  fhell-ftcnes  employed  for  building,  alJ 
marbles,  calcinable  ftalactites,  the  alabafters  and  fpars 
which  are  convertible  into  quicklime  by  fire* 

Amongft  thefe  Hones  a  great  number  are  evidently  im- 
pure and  mixed,  particularly  thofe  which  are  colored. 
But  amongft  the  whiteft,  we  cannot  eafily  afcertain  which 
of  them  contains  the  pureft  earth,  becaufe  they  have  not 
been  chemically  compared  with  this  view.  We  ought 
certainly  to  confider  thofe  as  the  pureft  which  pofTefs  in  the 
higheft  degree  the  eflential  properties  of  calcareous  earth. 

All  calcareous  ftones  are  lefs  hard  than  vitrifiable  ftones  ; 
none  of  them  ftrike  fire  with  fteel,  and  they  all  may 
be  eafily  cut  with  fteel  -inftruments  j  fome  of  them  may 
be  found,  whofe  parts  having  been  divided,  conveyed  by 
waters,  and  afterwards  depofited  fucceffively  upon  each" 
other,  form  concretions,  or  rather  cryftallizations,  very 
neat  and  even  transparent.  Their  tranfparency  however 
is  always  lefs  than  that  of  the  purer  vitrifiable  ftones. 

The  fpecific  gravity  of  the  different  kinds  of  calcareous 
ftones  has  not  been  compared  with  the  fpecific  gravity 
of  the  vitrifiable.  .We  only  know  that  fome  calcareous 
fpars  are  much  heavier  than  the  precious  ftones,  and  are 
therefore  called  heavy  fpars.  But  as  we  are  very  certain 
that  the  weight  of  thefe  bodies  is  caufed  by  extraneous 
and  not  calcareous  matter,  this  does  not  prevent  our 
eftablifhing  a  general  rule  that  calcareous  earth  is  lefs  heavy 

the  parts  from  which  they  were  obtained.  3.  The  earth  of  blood, 
fejhy  and  Jkins  of  animals,  is  foluble  by  all  acids,  and  is  fufible 
by  fire;  that  of  blood  and  of  other  animal  fluids  being  moll 
fufible.  This  earth,  like  that  of  burnt  bones  and  horns,  is  not 
calcareous ;  but  both  thefe  kinds  of  earth  are  faid  to  be  rendered 
calcareous  by  being  diffolved  in  acids,  precipitated  by  fixed  alkali 
from  thofe  acids,  and  afterwards  calcined.  They  probably 
contain  fome  mucilaginous  fubftance,  from  which  they  cannot 
be  entirely  diverted  by  hre  without  a  previous  folution  in  acids. 

than 
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than  verifiable ;  for,  excepting  the  inftance  now  mentioned, 
they  all  are  fo. 

If  any  calcareous  earth  or  ftone  be  divided  by  trituration 
and  moiftened  with  water,  it  abforbs  a  certain  quantity  of 
it,  particularly  if  it  be  very  dry ;  and  it  forms  a  kind  of 
pafte,  the  parts  of  which  have  a  certain  adhcfion  together. 
But  this  parte  is  not  fo  ductile  as  that  formed  by  clay  and 
water.    It  alfo  dries  and  difunitcs  much  more  quickly. 

All  acids  are  evidently  capable  of  acting  upon  calcareous 
earth  ;  they  attack  and  difiblve  it  with  more  or  lefs  efFer- 
vefcence.  This  action  of  acids  upon  calcareous  earths 
and  ftones  furnifhes  us  with  an  eafy  method  of  diftinguifh- 
ing  them  from  other  earthy  and  {tony  matters,  which  they 
refemble  externally. 

Calcareous  earth  faturates  all  acids,  and  forms  with 
them  different  neutral  falts  with  bafes  of  calcareous  earthy 
according  to  the  kind  of  acid. 

With  vitriolic  acid,  it  forms  a  cryftallizable  fait,  not 
very  Soluble  in  water,  called  Sclcniles. 

With  nitrous  and  marine  acids,  it  forms  acrid,  bitter, 
and  very  deliquefcent  falts.  They  are  called  nitre,  and 
marine  falts,  with  calcareous  bafes.  v 

With  the  acid  of  vinegar,  calcareous  earth  forms  a  fait 
not  deliquefcent,  and  fufceptible  of  a  filky  and  ramofe  cry- 
ftallization  like  a  kind  of  vegetation.  This  is  acetous  fait 
with  calcareous  bafis. 

Laftly,  with  acid  of  tartar,  this  earth  forms  a  neutral 
cryftallizable  fait,  a  folulle  tartar  with  calca-aus  bafis. 
This  fait  is  much  more  foiuble  in  water  than  pure  acid 
of  tartar. 

Calcareous  earth  has  alfo  the  property  of  decompofino; 
all  ammoniacal  falts,  from  which  it  difengages  the  volatile 
alkali,  and  unites  with  their  acidsj  when  aiiifted  by  a 
certain  heat. 

Calcareous  earths  and  ftones,  being  expofed  to  the  action 
of  fire,  lofe  part  of  their  weight,  and  much  of  their  con- 
fiftence,  which  proceeds  from  the  fire  carrying  off  a 
confiderable  quantity  of  water  that  enters  into  their  com- 
bination ;  and  as  the  laft  portions  of  water  are  powerfully 
retained  by  earth,  a  very  ftrong  heat  is  requifite  to  diffipate 
them;  and  in  this  principally  confilts  the  change  produced 
upon  calcareous  ftones  when  reduced  into  quicklime.  See 

QuiCKLI?v4E. 

The  moft  violent  fire  we  can  make  is  incapable  of  melt- 
ing and  vitrifying  calcareous  earths  and  ftones,  when  they 
Vol.  I.  Y  are 
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are  very  pure  (z)  ;  but  a  very  remarkable  thing  is,  that 

thefe  iubflances,  fo  refractory  when  alone,  become  true 
fluxes,  and  facilitate  the  fufion  and  vitrification  of  feveral 
other  iubflances,  as  fands  and  clays.  This  phenomenon, 
the  caufe  of  which  is  hidden,  and  not  eafily  to  be  difcovered, 
feems  to  depend  on  a  particular  difpofition  of  the  inflam- 
mable principle  from  which  none  of  thefe  matters  is 
entirely  exempt,  and  perhaps  on  fome  remaining  portion 
of  watery  principle,  fo  ftrongly  retained  by  calcareous 
earth,  jhat  lire  cannot  entirely  extricate  it.  See  Vitrifi- 
cation. 

Tne  other  characterise  properties  of  calcareous  earth 
are  the  fame  as  the  properties  of  this  earth  when  converted 
into  quicklime,  which  we  fhall  relate  and  explain  under 
the   article  Quicklime.     We  mail  only  here  obferve, 
that  if  we  add  to  thefe  the  properties  of  calcareous  earth 
before  calcination,  we  mail  evidently  fee  that  all  thefe 
properties,  and  the  phenomena  arifing  from  them,  depend 
on  the  intimate  union  of  a  certain  quantity  of  watery  prin- 
ciple with  the  earthy  principle  in  calcareous  earth  j  an 
union  which  produces  an  incipient  faline  combination,  . 
according  to  Stahl's  theory,  and  a  ftrong  difpofition  in 
calcareous  earth  to  pafs  into  a  more  compleat  faline  ftate 
by  a  more  perfect  combination  with  water.     We  may 
hence  eafily  perceive,  that  as  calcareous  (tones  in  their 
natural  ftate  do  not  differ  from  vitrifiable  ftones  but  in 
being  lefs  hard,  lefs  heavy,  and  lefs  fixed,  which  are  pre- 
cifely  the  eflential  qualities  by  which  pure  water  differs 
from  pure  earth ;  that  as  the  action  of  the  fire  deprives 
calcareous  ftones  of  much  water,  calcareous  earth  chiefly 
differs  from  vitrifiable  earth  by  its  union  with  water  j  and 
Jaftly,  that  as  we  'cannot  doubt  but  that  all  calcareous 
earth  has  been  once  one  of  the  principles  of  organifed  animal 
bodies,  we  cannot  alfo  doubt,  but  that  the  water,  the 
portion  of  phlogilton  (a)9  perhaps  alfo  fome  remaining 

fmall 

(x.)  Mr.  B'Arcet  found  that  chalk,  lime-frone,  and  one  calca- 
reous fpar,  refilled  a  violent,  long  continued  heat  ;•  but  that  other 
fpars,  flalactites,  and  other  calcareous  fubftances,  mewed  a  begin- 
ning fufion.  See  Mem.  V  Acad,  des^c.fur  i%  Aft  ion  d'un  feu  <vioLnt, 
egal,  &  continue,  s  76'j. 

(a)  Molt,  perhaps  all  calcareous  earths  contain  fuch  a  portion 
of  phlogifton,  as  to  enable  them,  by  means  of  heat,  to  reduce 
metallic  calxcs,  efpecidly  thole  of  lead  and  bifmuth,  which  ate 

eafily 
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finall  part  of  faline  matter,  which  are  found  in  th^fe  earths, 
and  which  diftinguifh  their  different  kinds,  art  the  remain* 
of  the  principles  with  which  the  elementary  earth  was 
found  combined  in  thefe  compounds,  and  which  continue 
firmly  united  with  them,  (b) 

EARTH  (GYPSEOUS).  This  name  is  applied  by 
fome  chemifts  to  gypfum,  and  to  the  earth  contained  in 
felenites.  As  the  earth  of  gypfum,  wh°n  feparated  from 
the  vitriolic  acid,  does  not  appear  to  be  different  from  pure 

eafily  reducible,  and  even  in  fome  mcafure  thofe  of  copper  and 
iron.  By  means  alfo  of  this  phlogifton  they  acquire  a  pholphorifi 
quality  when  united  with  nitrous  acid.  See  Phosphorus  of 
Baldwin;,  A  curious  experiment  is  mentioned  by  Mr.  Pott, 
which  mewed  this  phofphoric  quality  of  calcareous  earth  united 
with  nitrous  acid.  He  faturated  that  acid  with  quicklime,  and 
diftilled  it.  He  repeated  this  operation  frequently,  always  ufing 
the  fame  acid  and  the  fame  quicklime.  He  perceived  that  the 
vapors  which  pafled  in  thefe  diftillations  through  a  hole  in  the  re- 
ceiver appeared  luminous  fparks,  which  afterwards  kindled,  and 
flowed  out  like  a  flream  of  fire.  He  alfo  perceived  another  remark- 
able circumftance  in  this  operation,  namely,  that  the  effervef- 
cence  which  happened  on  the  mixing  thefe  two  fubftances,  be- 
came each  time  greater  than  it  had  been  in  the  preceding  expe- 
piment.  W  hence  did  the  quicklime  acquire  the  gas  which  caufed 
thefe  effervefcences  ?  Was  it  from  the  acid?  Pott's  i)/^r- 
i at ion  on  Quicklime. 

(h)  Calcareous  earths  may  be  combined  with,  acids,  with  which 
they  form  neutralized  earthy  falts.  Ste  Salts.  They  alfo  rea- 
dily unite  with  fixable  air,  in  which  Hate  of  combination  they  are 
always  found  native.  When  uncombined  with  gas,  or  in  the 
flate  of  quicklime,  they  may  "be  combined  with  water,  forming 
lime-water.  See  Water  (Lime),  Gas,  Creams/  Lime,  and 
Quicklime.  In  this  uncombined  ftate  they  alfo  may  be  united 
in  fome  degree  with  fulphur,  forming  a  kind  of  hepar  of  ful- 
phur,  and  imperfectly  with  oleaginous  fubftances  forming  kinds 
of  foaps. 

Calcareous  earth,  although  infufible  by  fire  (fee  the  above  note 
(s),  may  be  rendered  fufible  and  vitrefcible  by  addition  of  fixed 
alkaline  fait,  of  borax,  of  fedative  fait,  of  fait  of  urine,  of  me- 
tallic calxes,  of  gypfeous  and  argillaceous  earths,  of  fufible  fj  ar;, 
and  according  to  Mr,  Pott,  of  fparry  quartz,  of  glafs-gaH,  and 
of  fixed  ammoniac.  Mr.  Gellert,  in  his  Table  of  Solutions, 
places  calcareous  earth  amongft  the  fubftances  incapable  of  unit- 
ing wiih  gypfeous  earths.  Neverthelefs,  the  experiment^  of  Mr. 
Brandt  and  of  Mr.  D'Arcet  evince  the  fufibility  of  calcare  uj 
earths  mixed  with  gypfum. 
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calcareous  earth,  we  refer  to  the  articles  Gypsum,  Sele- 
nites,  and  Earth  (Calcareous). 

EARTH  (MERCURIAL).  Mercurial  earth  is  a 
fuHhmce,  which,  r.ccording  to  Bcccher  and  other  che- 
mitus,  enters  into  the  compofition  of  many  bodies, 
particularly  the  metric,  together  with  verifiable  earthy 
and  phlogifton,  which  that  chemift  calls  the .  inflammable 
earth.  But  the  extftejice  of  this  mercurial  earth  has  not 
yet  been  fatisfacrorily  demonftrated.  Metals  and  marine 
acid,  of  which  *alfo  Bcccher  fuppofes  the  mercurial  earth 
to  be  a  conirituent  part,  do  indeed  prefent  fome  phenomena 
which  may  induce  us  to  fufp^cf.  that  fchtefe  fubilances  contain 
a  principle  different  from  ail  thofe  which  we  know.  But 
thefe  phenomena  are  not  fufficient  to  eftablifh  v/ith  cer- 
tainty the  exigence  of  this  principle.  See  what  is  faid  on 
this  fubj eel  under  the  articles  Acid  (Marine),  Mercuri- 
fication,  Metals,  and  Metallisation. 

EARTH  (VEGETABLE),  (c) 

(c)  Earth  (Vegetable).  From  numerous  experiments 
made  by  Wallerius,  we  find  that  earths  or  sihes  of  vegetables  have 
not  all  the  fame  chemical  properties,  but  may  be  reduced  into 
three  kinds  or  clalTes.  The  firft  clafs  is  the  earth  obtained  by 
burning  foft,  fpengy,  and  farinaceous  plants.  It  is  partly  folu- 
ble  by  vitriolic  acids.  It  is  more  fufible  by  fire,  in  proportion  as 
i  the  plant  from  which  it  has  been  obtained  was  more  nourifhing. 
Thus  the  allies  of  rye,  barley,  oats,  muftard,  and  efpecially 
thofe  of  wheat  and  rice,  were  eafily  fufible,  forming  green  trans- 
parent glafles.  This  fufion  is  not  occafioned  by  any  mixture  of 
alkaline  fait,  for  no  fuch  fait  could  be  obtained  from  the  allies  of 
the  above-mentioned  grains  by  lixiviation.  The  fecond  clafs  of 
vegetable  earths  is  produced  by  burning  the  harder  and  lefs  fuc- 
culent  plants.  This  earth  is  more  foiuble  than  the  former,  in  ni- 
trous and  marine  acids,  but  is  lefs  foiuble  in  vitriolic  acid.  This 
earth,  after  lixiviation,  frill  abforbs  moifture  from  the  air.  It  is 
alfo  fufible  by  -fire,  but  not  fo  eaiily  as  the  former  earth,  and  is 
lefs  fufible  in  proportion  to  the  hardnefs  of  the  plant.  The  third 
clafs  of  vegetable  earth  is  that  which  is  obtained  by  burning 
wood.  This  earth  is  calcareous,  and  is  more  d'fficultly  fufible  in 
proportion  as  the  wood  from,  which  it  was  obtained  was  harder. 
Accordingly,  it  has  been  obferved  by  manufacturers  of  gla.Cs,  that 
ames  of  the  liardeft:  woods  make  the  moil  unfufibleglafs:  Garden 
mould,  which  confifls  chiefly  cf  the  earth  of  decayed  vegetables, 
was  alfo  found  to  be  fufible  by  fire.  S?e  thf&wiedijh  Memoirs  for 
1  he  year  1760.  By putrefaction  of  vegetable  fubftances,  a  calca- 
reous earth  is  faid  to  be  obtainable. 
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EARTH  (VITRIFJ ABLE).  The  earth  fo  calld 
by  chemifts  is  the  pureft,  iimpleft,  and  moil  elementary 
of  all  known  earths.  As  we  have  mentioned  all  the  eiTeija 
tial  properties  of  this  earth  under  the  general  article 
Earth,  we  refer  for  thefe  properties  to  that  article.  We 
mall  only  obferve  here,  that  the  ftones  formed  principally 
by  the  union  of  the  parts  of  this  earth,  and  therefore 
called  verifiable  ftones,  are  eaf;ly  diftiiiguiihed  from  all  the 
others  by  their  hardnefs,  which  is  fo  great,  that  they  cannot 
be  cut  by  fteel  tools,  and  that  thev  can  elicit  fparks  from 
fteel.  They  have  alio  the  property  of  giving  fparks  of  light 
wiien  one  of  them  is  ftruck  againft  another;  but  it  is  then 
an  internal  fire,  and  ignited  fparks  are  not  emitted,  as 
when  they  are  ftruck  by  fteel.  This  property  of  giving 
light  by  percuffion  alfo  belongs  to  glai"-.,  porcelain,  and 
other  vitrified  matters.  It  feems  to  be  a  phenomenon 
depending  on  electricity. 

Vitrifiable  earth,  when  pulverifed  into  very  fine  parts, 
and  moiftened  with  watar,  abforbs  but  a  very  fmall  quan- 
thy  of  this  liquid,  and  forms  a  pafte  which  has  coniider- 
able  adhefion,  but  no  ductility.  When  it  is  made  thin 
by  water,  it  pours  like  an  oily  or  vifcid  matter:  when  it  is 
of  a  thick  cpnfiftence,  it  does  not  prefervc  the  form  given 
to  it,  but  it  finks  and  collapfes  :  it  alfo  dries  very  quickly 
and  eafily.  If,  on  the  contrary,  this  finely  ground  veri- 
fiable matter  be  left  at  reft  under  water,  its  parts  will 
unite  and  adhere  together  fo  ftrongly,  that  a  mafs  ftiall 
be  formed  almoft  as  hard  as  a  ftone.  Hence  when  veri- 
fiable ftones  are  ground  with  water,  the  matter  muft  be 
continually  agitated  and  ftirred,  and  the  mill  muft  be 
turned  without  interruption  ;  for  if  th>  y  a  e  left  but  a  little 
at  reft,  they  harden,  and  adhere  fo  ftri  ngly  :o  the  bottom 
of  the  mill,  that  the  mill-ftone  cannot  without  difficulty 
be  again  fct  in  motion.  This  inconvenience  may  be  much 
diminiftied  by  mixing  the  vitrifiable  earth  to  be  ground,  with 
different  earths,  calcareous  or  argillaceous. 

No  vitrifiable  ftone  or  earth  is  Ibluble  in  any  acid,  unlefs 
its  nature  has  been  changed  by  having  been  intimately 
united  with  fome  other  fubftance  ;  as,  for  inftance,  by 
fuiion  with  a  fufficient  quantity  of  fixed  alkali :  but  it 
cannot  then  be  considered  as  pure  vitrifiable  earth,  as  it 
has  not  then  the  properties  of  that  earth. 

As  fome  ftones  externally  refemble  vitrifiable  ftones, 
and  which  alfo  refift  the  action  of  acids,  although  they 
are  not  vitrifiable,  the  proof  by  acids  is  not  fufficient  to 
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ascertain  the  nature  of  thefe  {rones.  To  this  proof  muft 
alio  be  added  that  of  hardnefs,  which  is  the  moil  decifive, 
JVLuiy  impure  and  mixed  verifiable  earths  and  ftones  differ 
from  each  other  by  their  colors,  and  other  accidental 
particulars  depending  on  the  heterogeneous  matters  with 
which  th  y  ar^  united. 

Nature  prefents  to  us  many  mixed  earths  and  ftones, 
or  fuch  as  are  compofed  of  many  kinds  of  different  earths, 
as  the  vitrifiable,  calcareous,  talky,  argillaceous,  gypfe- 
ous  or  felenitic,  and  even  the  pyritous  or  metallic.  But 
we  cannot  enter  into  thefe  details,  which  are  the  object 
of-  mineralogy.  We  lhail  obferve,  that  v/hen  an  accurate 
examination  of  thefe  compound  bodies  is  required,  the 
nature  and  proportions  of  the  component  parts  may  be 
discovered  by  fubmitting  them  fucceffively  to  the  decifive 
proofs  which  we  have  mentioned  under  the  articles  of 
the  principal  kinds  of  earths  and  ftones,  by  which  their 
nature  may  be  difcovered  and  afcertained.  See  in  particular 
for  the  vitrifiable  earths  and  Jlones^  the  general  article  EaRTH, 
and  the  word  Vitrification. 

EARTH-WORMS,  (d) 

EAU  DE  LUCE.  Eau  de  luce  is  a  kind  of  volatile, 
liquid  foap,  of  a  ftrong,  penetrating  fmell. 

This  liquor  is  compofed  of  the  liquid  volatile  alkali  made 
from  fal  rmmoniac  with  quicklime,  and  of  the  rectified  oil  of 
amber,  fo  mixed  together  as  to  produce  a  white  milky  liquor. 

Eau  de  luce  cannot  be  prepared  without  certain  manage- 
ment ;  for  if  the  volatile  fpiritof  fal  ammoniac  and  rectified 
oil  of  amber  be  fimply  mixed  and  fnook  together,  a  milky 

(J)  Earth- Worms.  Earth-worms,  when  moiftened  with 
wine,  or  wi  h  vinous  fpirits,  to  prevent  their  putrefaction,  and 
fet  in  a  cellar  in  a  wide  mouthed  vellel,  are  in  a  few  days  almoft 
wholly  refolvcd  intoafiimy  liquor.  Stahl  fuppofes  that  they  are 
impregnated  with  a  nitrous  fait  which  they  receive  from  the  putrid 
matters  mo. .git  which  they  Jive.  VA  hen  this  liquamen  of  worms 
is  mixed  with  a  little  fixed  alkali,  and,  after  the  evaporation,  is 
fet  to  moot,  the  cryftals  are  nothing  elfe  than  nitre.  Six  drams  of 
extract  were  obt,  ^ed  by  ardent  fpirit  from  four  ounces  of  worms  ; 
and  from  the  fame  quantity  of  thefe,  one  ounce,  fix  drams,  and 
a  fcruple  of  extract,  by  means  of  water.  Thirty-two  ounces  of 
dried  earth-worms  yielded,  by  diilillation,  thirteen  ounces  and  a 
h  slf  of. volatile  urinous  fpirit,  one  ounce  of  concrete  volatile  fait, 
four  ounces  and  a  half  of  empyreumatic  oil,  and  eight  ounces  of 
a  refiduum,  from  which  were  obtained,  by  calcination  and  lixi- 
▼iation,  an  ounce  and  a  half  of  fixed  alkali.  Neuman. 
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liquor  will  be  produced,  fuch  as  is.  required ;  but  this 
color  difappears  foon  when  the  liquor  is  allowed  to  reft; 
cither  bccaufe  the  volatile  alkali  compleatly  diffolves  the 
oil  of  amber  when  in  fmall  quantity,  or  bccaufe  this 
oil  difengages  itfelf  from  the  volatile  alkali,  and  floats 
apart  when  in  confiderable  quantity.  In  both  cafes  the 
liquor  becomes  clear  and  transparent ;  but  the  milkly  color 
is  required  in  eau  de  luce.  By  the  following  receipt  excel- 
lent eau  de  luce  may  be  made. 

Take  four  ounces  of  rectified  fpirit  of  wine,  and  in 
it  diflolve  ten  or  twelve  grains  of  white  foap  ;  filtrate  this 
folution  ;  then  diflolve  in  it  a  dram  of  rectified  oil  of  amber, 
and  filtrate  again ;  mix  as  much  of  this  folution  with  the 
ftrongeft  volatile  fpirit  of  fa!  ammoniac,  in  a  cryftal-glafs 
bottle,  as  when  fufficiently  fhook,  mail  produce  a  beautiful 
milky  liquor.  If  upon  its  furface  be  formed  a  cream, 
fome  more  of  the  oily  fpirit  of  wine  ought  to  be  added. 

This  receipt  is  given  by  the  author  of  the  French  edition 
of  the  London  Difpenfatory.  The  receipt  given  in  that 
work  is  very  good,  but  is  much  improved  by  the  obfervations, 
experiments,  and  remarks  made  by  that  author. 

EDULCORATION.  Edulcoration  is,  properly 
fpeaking,  the  rendering  fubftances  more  mild.  Chemical 
edulcoration  confifts  almoft  always  in  taking  acids  and  other 
faline  matters  from  fubftances  to  v/hich  they  adhere;  and 
this  is  effected  by  wafhing  in  much  water.  The  warning  of 
diaphoretic  antimony,  and  of  the  powder  of  algaroth,  till 
the  water  comes  off  from  thefe  fubftances  quite  pure,  may. 
be  given  as  inftances  of  edulcoration. 

In  Pharmacy,  juleps,  potions,  and  other  medicines,  are 
faid  to  be  edulcorated,  by  adding  fugar  or  fyrup. 

EFFERVESCENCE.  Effervefcence  is  an  intcftine 
motion  excited  betwixt  the  parts  of  two  bodies  of  different 
natures,  when  they  reciprocally  diffolve  each  other.  Effer- 
vefcences  are  commonly  accompanied  with  bubbles,  vapors, 
fmall  jets  of  the  liquid,  and  noife  or  hilling.  All  thefe 
phenomena  are  occafioned  by  the  air  which  difengages 
itfelf  in  almoft  all  folutions.  Frequently  alfo  effervefcences 
are  accompanied  with  a  confiderable  heat,  fometimes  ex- 
ceeding that  of  boiling  water.  This  heat  is  occafioned 
by  the  collifion  of  the  parts  during  their  union.  The 
degree  of  heat  produced  in  effervefcences  is  proportionable 
to  the  activity  with  which  bodies  are  diflolved,  to  the 
quicknefs  with  which  the  folution  is  made,  and  to  the 
quantity  of  fubftances  re-aclino;  upon  each  other. 
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7  he  moft  fenfible  effervefcences  arc  obferved  in  the 
combination  of  concentrated  mineral  acids  with  calcareous 
,  earths,"  alkaline  falts,  metallic  fubftances,  and  oily  matters. 
Generally  the  fubftances  which  contain  a  fenfible  quan- 
tity of  inflammable  principle  are  thofe  which  in  fimilar 
circumftanccs  produce  the  moft  heat  in  effervdcing  with 
acids.  Of  ali  acids,  the  nitrous  produces  the  greateft 
heat,  when  it  diflolves  thefe  bodies. 

Thus,  for  inftance,  the  heat  arifing  from  a  folution  Qf 
calcareous  earth  in  nitrous  acid  is  not  nearly  fo  great  as 
that  which  arifes  from  a  folution  of  a  metallic  fubftance  in 
the  fame  acid,  although  thefe  folutions  are  performed 
equally  faf:  5  and  the  heat  which  is  produced  by  the  com- 
bination cf  nitrous  acid  with  oils  is  fo  great,  that  a  flame 
is  quickly  produced. 

Formerly  the  word  fermentation  was  commonly  applied 
to  effervefcences  5  but  now  that  word  is  confined  to  the 
motion  which  is  naturally  excited  in  animal  and  vegetable 
matters,  and  from  which  new  combinations  amongft  their 
principles  take  place.  This  difti  notion  is  very  proper ;  for 
a  nmple  effervescence  is  very  different  from  a  true  fermen- 
tation.   See,  Fermentation. 

EFFLORESCENCE.  By  this  expreflion  chemifts 
denote  what  happens  to  certain  bodies,  upon  the.  furface  of 
which  a  kind  of  meal  or  powder  is  formed. 

EfRorefcence  is  occafioned  either  by  decompofition  or 
by  drying.  That  v/hich  happens  to  Cobalt,  and  moft 
martial  pyrites,  is  of  the  former  kind  ;  and  the  efflorefcence 
obferved  on  cryftals  of  marine  alkali,  of  Glauber's  fait, 
of  alum,  of  green  and  blue  vitriols,  and  of  feveral  other 
faits,  is  of  the  latter  kind. 

EGGS.  The  eggs  of  hens,  of  birds  in  general,  and  of  fe- 
veral other  animals,  are  compofed  of  feveral  diftinct  fubftan- 
ces;  1 .  Of  a  fhell  or  external  coat,  which  in  the  eggs  of  birds 
has  a  certain  hardnefs  and  confnlence,  although  it  is  brittle. 
The  matter  of  this  fhell  is  a  fine,  abforbent  earth,  foluble 
in  acids ;  hence  if  thefe  eggs  be  fteeped  in  vinegar,  or  any 
other  acid,  they  are  rendered  quite  foft,  becaufe  the  acid 
diflolves  and  takes  away  ali  the  earth  of  their  fhells.  (e) 

(e.)  The  fhells  of  eggs  are  not  only  abforbent,  that  is,  foluble 
by  acids,  but  alfo  calcareous,  or  convertible  into  quicklime.  The 
eirth  of  the  (hells,  and  alfo  the  earth  obtained  by  calcination  of 
the  other  parts  of  the  eggs,  are  fufible  and  vitrefcible  by  fire  See. 
Earth  (-Animal). 
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The  parts  of  this  earth  are  bound  together  by  a  fmall 
quantity  of  gelatinous  matter.  This  matter  becomes  very 
fenfible  by  an  empyreumatic  animal  fmell,  and  by  the 
black  color  which  fhells  acquire  when  expofed  to  fire. 

The  fhell  of  an  egg  is  lined  internally  with  a  very  white, 
fine,  and  ftrong  membrane.  It  refembles  a  very  fine  (kin, 
and  is  entirely  of  animal  nature. 

Thefc  external  coverings  contain  the  fubftance  of  the 
egg,  which  is  of  two  kinds  ;  namely,  a  lymphatic,  white, 
tranfparent,  gelatinous,  vifcous,  and  gluey  fubftance, 
called  the  zvhite  of  the  tgg ;  and  another  fubftance  alfo  gela- 
tinous, but  almcft  opake,  yellow,  lefs  gluey  and  vifcous 
than  the  white.  This  latter,  which  is  called  the  yolk,  is  of 
a  fphcrical  form,  and  is  furrounded  by  the  white.  To  the 
yolk.is  annexed  a  fmall  portion  of  white  gelatinous  matter, 
thicker  and  tougher  than  the  reft  of  the  white  in  which  the 
embryo  is  Contained1.  • 

We  do  not  intend,  here  to  examine  anatomically  the  ufes 
of  thefe  fsveral  parts  of  the  egg ;  we  will  confider  them 
only  relatively  to  their  chemical  properties  and  principles. 
As  eggs  contain  the  embryo  of  the  animal,  and  the  nourifh- 
ment  proper  for  it  in  its  firft  increafe,  they  are  proper  to  be 
given  as  an  example  of  the  analyfis  of  animal  feed. 

The  white  of  an  egg  cannot  be  diftblved  by  acids  or 
by  fpirit  of  wine.  This  latter  folvent,  far  from  dividing 
it,  on  the  contrary  coagulates  it,  by  taking  from  it  a  great 
part  of  its  water  which  renders  it  liquid. 

The  white  of  an  egg  Is  fallible  and  rnifcible  with  water, 
but  difficultly,  becatile  of  its  vifcidity.  Spirit  of  wine 
poured  into  water  which  keeps  it  diit'olved  feparates  it, 
and  precipitates  it  in  form  cf  a  curd.  In  this  refpect,  the 
white  of  an  egg  refembles  gummy,  mucilaginous,  and  gela- 
tinous matters.  It  is,  in"  fact,  a  matter. entirely  of  the 
nature  of  animal  jellies,  but  of  that  kind  which  is  coagu- 
lable  by  heat.  The  white  of  an  egg,  expofed  to  a  lefs  heat 
than  that  of  boiling  water,  is  coagulated,  hardened,  and 
its  tranfparency  is  almoft  entirely  changed  to  a  milky-white 
color.  This  fubftance  contains  no  other  principles  which 
are  volatile  with  the  heat  cf  boiling  water,  than  water; 
for  if  whites  of  eggs  be  diftiiled  in  a  water-bath,  nothing 
but  water  is  obtained.  While  they  lofe  this  water,  they 
become  more  and  more  hard  and  horny ;  they  refume  their 
tranfparency,  and  acquire  a  yellow-reddifh  color ;  fo  that 
when  they  are  dried  as  much  as  pomble,  they  perfectly 
refemble  horn. 

If 
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If  they  are  to  be  further  analyfed,  they  muft  be  put 
into  a  retort,  and  exposed  to  a  naked  lire :  then  fetid  em, 
pyreumatic  oil  with  much  volatile  alkali  is  obtained;  and 
in  the  retort,  when  the  diftillation  is  finimed,  a  coal  is  left 
like  that  of  other  animal  matters.  From  this  analyfis  we 
fee  that  the  white  of  an  egg  is  a  perfectly  animalifed  fub, 
ftance.    See  Jelly  (Animal). 

The  yolk  of  an  egg  is  chiefly  compofed  of  a  gelatinous 
matter  like  the  white ;  for  it  alio  coagulates  and  hardens  by 
heat;  but  it  alfo  contains  a  confiderable  quantity  of  mild 
fat  oil,  which  is  in  fome  meafure  fuperabundant,  and  not 
combined,  and,  in  fhort,  in  the  fame  ftate  as  thofe  oils 
which  may  be  obtained  from  vegetable  emulfive  feeds  by 
expreflion.  Thus  the  raw  yolk  of  an  egg  when  mixed 
with  water  is  not  entirely  diffolved,  as  the  white  is  ;  but 
forms  with  it,  on  account  of  this  oily  part,  a  white  milky 
liquor  or  emulfion.  This  animal  emulfion  is  vulgarly  called 
hen's  milk. 

This  fuperabundant  oil  of  the  yolk  of  an  egg  may  be 
feparated  from  it,  like  that  of  molt  vegetable  grains,  by 
expreflion.  But  to  make  this  operation  fuccefsful,  the 
yolk  of  an  egg  ought  to  be  deprived  as  much  as  is  poffible 
of  its  water.  For  this  purpofe,  the  eggs  are  to  be  pre-r  ■ 
vioufly  hardened,  and  the  yolks  are  to  be  feparated,  dried, 
and  even  roafted  in  a  proper  vefTer,  till  they  become  fome- 
what  foftened  by  the  /wearing  out  of  the  oil ;  they  are  then 
to  be  put  into  a  prefs,  and  a  fat,  unctuous,  yellowifh,  and 
fufficiently  mild  oil  is  procured,  which  readily  fixes  itfelf 
in  the  cold.  This  oil  has  the  fmell  of  roafted  or  fried  eggs, 
from  the  drying  and -roafting  given  to  the  yolks  before  the 
exprefKom  Probably  this  oil  might  be  obtained  by  a  flower 
and  more  careful  drying  without  roafting,  and  confequently 
without  any  change  or  fmell. 

From  this  quantity  of  fuperabundant  oil  in  yolks  of  eggs, 
we  may  perceive  a  remarkable  refemblance  betwixt  the 
eggs  of  animals  and  vegetable  feeds.  This  oil  is  found  in 
all  feminal  matters  probably  for  the  fame  reafon.  See  Oils 
(Sweet  Expressed). 

As  all  eggs  in  general  are  compofed  of  a  very  nourifhing 
fubftance,  and  as  thofe  of  many  animals  have  a  very  agree- 
able tafte,  they  have  been  much  ufed  as  aliment.  They  are 
alfo  employed  in  medicine  and  in  the  arts.  The  white  of  an 
egg  is  an  ingredient  in  collyriums  and  cataplafms  for  difeafes 
of  the  eyes ;  and  both  the  white  and  yolk  in  emollient 
and  refolvent  cataplafms.    The  oil  of  eggs  is  foftening, 
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relaxing,  and  lubricating.  It  is  employed  either  fingly, 
or  formed  into  a  pomatum  with  fat  matters,  in  burns, 
chaps,  contractions,  and  other  fimilar  difeafes. 

The  white  of  an  egg,  from  its  folubility  in  water,  and 
from  its  coagulating  by  fire  or  in  fpirituous  liquors,  is  very 
fuccefsfully  employed  in  pharmacy,  in  the  kitchen,  and  for 
elaij tying  the  juices  of  plants,  whey,  fugar,  fyrups,  'Sec. 
See  Filtration. 

The  white  of  an  egg  alone  forms  a  varnim  very  white  and 
very  (hining,  which  is  applied  to  feveral  kinds  of  work,  and 
particularly  to  pictures.  Laftly,  the  yolk  of  an  egg,  from 
its  oily  and  vifcid  parts,  is  a  proper  intermediate  fubftance 
for  the  mixture  by  trituration  of  oijs  with  watery  liquors, 
fo  as  to  form  cmulfions.  Several  good  remarks  are  found 
upon  this  fubjecl:  in  Mr,  Beaume's  Treatife  on  Pharr 
macy.  (f) 

ELECAMPANE,  (g) 

ELEMENTS.  Thole  bodies  are  called  by  chemifts 
dements ,  which  are  fo  fimple,  that  they  cannot  by  any 
known  method  be  decompofed,  or  even  altered  ;  and  which 
alio  enter  as  principles,  or  conftituent  parts,  into  the  com- 
bination of  other  bodies,  which  are  therefore  called  com- 
pound bodies. 

The  bodies  in  which  this  fimplicity  has  been  obferved 
are  fire,  air,  water,  and  the  pureit  earth  ;  for  by  the  moil 
complete  and  accurate  analyfes  which  have  been  made, 
nothing  has  been  ever  ultimately  produced  but  fome  one, 
or  more,  of  thefe  four  fubfraiices,  according  to  the  nature 
pf  the  decompofed  bodies. 

Thefe  fubuances,  although  reputed  fimple,  may  pofhbly 
no;  be  fo,  and  may  even  relult  from  the  union  of  feveral 
other  more  fimple  fubfrances  :  but  as  experience  teaches 
us  nothing  on  this  fubjecl:,  we  may  without  inconvenience, 

(f)  Mr.  Reaumur  found  that  e^gs  might  be  preferved  during 
months  or  years,  by  being  covered  with  mutton  fuet,  or  any  other 
fat  fubltance. 

(g)  Elecampane.  From  thirty-two  ounces  of  the  roots  of 
elecampane  were  obtained,  by  didillation,  three  fcruples  and  a 
half  of-  concrete  oi!,  fimilar  in  many,  but  not  in  all  its  croperties  to 
camphor.  This  concrete  oil  is  foluble  in  fpirit  of  wine.  Gcof- 
froy  remarks,  that  it  refidcs  in  the  exterior  part  of  the  root,  near 
to  the  bark.  From  an  ounce  of  the  dry  root  fix  drams  and  a  half 
of  extracl  may  be  obtained  by  water,  and  from  the  fame  quantity 
two  drains  and  a  ha.f  by  fpirit.  Neuman, 
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and  we  ought  to  confider,  in  chemifrry,  fire,  air,  water, 
and  earth,  as  fimple  bodies ;  becaufe  they  really  act  as  fuch 
in  all  chemical  operations. 

The  elements  are  alfo  called  by  chemifts  primary  prin- 
ciples. See  Principles,  Fire,  Air,  Water,  and 
Earth. 

'  ELIQUATION.  (h) 
ELUTRIATION.  (i) 
EMERALD,  (k) 
EMERY.  (I) 

(b)  Eltquation.  This  is  an  operation  by  which  a  more  fuli- 
ble  fubftance  is  feparated  from  one  iefs  fufible,  by  means  of  a  heat 
fuSiciently  intenfe  to  melt  the  former,  but  not  the  latter.  Thus 
an  allay  of  copper  and  lead  may  be  feparated  by  applying  a  heat 
which  mail  melt  the  lead,  but  not  the  copper. 

(i)  Eluthi  ation  is  an  operation  performed  by  warning  folid 
fubftances  with  water,  fiirring  them  well  together,  and  hailily 
pouring  off  the  water,  while  the  lighter  part  remains  fufpended 
in  the  agitated  water,  that  it  may  be  thereby  feparated  from  the 
heavier  part.  By  this  operation  metallic  ores  are  cleanfed  from 
earth,  Hones,  and  other  lighter  unmetallic  particles  adhering  to 
them. 

(k)  Emerald,  Smaragdus,  is  a  precious  ftone,  contained  by 
feveral  unequal  fides,  forming  irregular  prifms.  Its  color  is 
green  :  with  a  moderately  ftrong  heat  it  becomes  blue,  but  re- 
covers its  original  green  color  when  cold.  By  expofure  to  collect- 
ed folar  heat,  emeralds  were  rendered  white  and  of  various  colors, 
and  fcon  afterwards  were  fufed,  by  which  they  loft  part  of  their 
weight  and  hai'dnefs.  ^Diamonds.  But  M.  D'Arcet  could 
not  fufe  an  Emerald  in  the  intenfe  and  long  continued  heat  of  a 
porcelain  furnace,  although  the  color  and  tranfparency  of  the  Eme- 
rald were  thereby  altered.  Emeralds  have  the  property  of  mining 
in  the  dark  after  having  been  heated.  They  are  the  fourth  in 
hardnefs  from  diamonds ;  neverthelefs  they  are  fufceptible  of 
impreliion  from  a  file.  Emeralds  may  be  imitated  by  adding 
forty-eight  grains  of  pulveriled  calcined  verdigrife,  and  eight 
grains  of  martial  crocus,  to  four  ounces  of  minium  and  two 
ounces  of  pure  fand,  and  by  keeping  that  mixture  fufed  during 
twenty-four  hours. 

(I)  Emery.  Smiris.  Emery  is  a  very  refractory  mineral  con- 
taining a  fmall  portion  of  iron.  It  is  exceedingly  hard,  and  is 
thereWe  ufed  for  the  poliihing  of  metals,  glafs,  and  hard  flones. 
Some  pieces  of  emery  contain  fmall  fpecks  of  gold,  and  of 
copper.  The  mineral  called  by  alchemiits  fmiris  Hifpanica,  and 
employed  to  adulterate  gold,  is  with  probability  believed  to  be 
the  metal  now  called  platina. 
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EMPYREUMA.  Empyreuma  is  a  fmell  proceeding 
from  burnt  animal  and  vegetable  matters,  when  they  are 
expofed  to  a  quick  fire,  particularly  in  dole  vcflels. 

Empyreuma  is  the  peculiar  fmell  of  burnt  oils.  No  other 
but  oily  fubltances  can  produce  it.  As  all  vegetable  and 
animal  matters  contain  oil,  and  as  no  other  fubftance 
contains  it,  hence  the  empyreumatic  fmell  muft  be  peculiar 
to  burnt  air'mal  and  vegetable  matters ;  and  hence  alfo  we 
may  difcovcr  oil,  wherever  it  may  be,  by  thic  fmell,  which 
is  lb  diltmguimable,  that  it  is  very  fenfible  even  when  the 
quantity  of  oil  is  too  fmali  to  be  difcovered  by  any  other 
method.  If  then  we  perceive  an  empyreumatic  fmell  when 
we  burn  a  fubftance  in  clofe  vefiels,  we  may  conclude  that 
this  fubftance  contains  oil.  If,  on  the  contrary,  no  empy- 
reuma be  perceived,  we  may  be  allured  that  the  fubftance 
does  not  contain  oil. 

EMULSION.  An  emulfion  is  a  watery  liquor,  in 
which  ibme  oiiy  matter  is  difpeiibd  and  diftufed  (but  not 
diiTolved)  by  the  intervention  of  a  mucilaginous  cr  gela- 
tinous fubftan.ee. 

*  The  ftate  of  the  oil  in  cmulfions  is  the  caufe  why  they 
are  cpakc,  and  of  a  milky-white  color ;  for  this  milky 
appearance  is  given  to  ail  tranfparent  bodies  by  others 
that  have  not  a  very  diftincl:  color,  when  they  are  mutually 
interpofed  and  divided  to  a  certain  degree. 

Neverthelefs,  water  and  oil  flightly  adhere  together  in 
emulfions,  by  the  intervention  of  the  mucilaginous  matter; 
for  oil  agitated  with  water  gives  but  a  momentary  apr 
pearance  of  an  emulfion,  and  only  during  the  agitation. 
When  it  is  left  to  reft,  the  oil  prefently  rifes  to  the  fur- 
face. 

All  vegetable  and  animal  fubftanccs  contain  an  uncom- 
bined  oil ;  and  mucilage  or  jelly,  being  triturated  with 
water,  yield  emulfions. 

Moft  feeds  and  grains,  all  gum-refins,'  gummy  and 
fefinous  juices,  and  yolks  of  eggs,  are  capable  of  forming 
emulfions  with  water.  Laftly,  the  milky  juices  of  plants, 
milk,  and  the  chyle  of  animals,  ought  to  be  confidered  as 
natural  emulfions. 

ENAMEL.  Enamel  is  in  general  a  vitrified  matter, 
betwixt  the  parts  of  which  is  "difperfed  fome  unverified 
matter  :  hence  enamel  ought  to  have  all  the  properties 
of  glafs  excepting  tranfparency.  Enamels  then  are  opake 
glaffes,^  and  their  opacity  and  colors  proceed  from  the 
unverified  matter  which  they  contain.     The  unverified 
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matters  which  give  opacity  and  various  colors  to  enamels^ 
are  almoft  always  metallic  calxes.  Receipts  for  making 
feveral  kinds  of  enamel  may  be  found  in  feveral  books,- 
particularly  in  Neri's  Treatife  on  the  Art  of  Making  Glafs, 
with  Notes  by  Merret  and  Kunkel. 

Enamels  ought  to  be  very  fulible.  They  are  employed 
to  color  or  to  paint  feveral  kinds  of  work  which  are  made 
by  great  heat.  The  white  enamel  is  ufed  to  cover  the 
earthen  ware  called  Delfy  to  which  it  gives  the  appearance 
of  porcelain.  With  the  other  colored  enamels  this  Delf- 
ware,  porcelain,  and  alfo  the  white  enamel*  are  painted. 
Delf-Ware.  (?n) 

ENS 

(m)  Enamels  are  glalTes  containing  fome  opake  fubftance,  that 
is  either. unvitrifiable  or  incapable  of  being  vitrified  with  the  de- 
gree of  heat  requifite  for  the  fufion  of  ordinary  glafs.  Of  the 
latter  fort  are  almoft  all  the  enamels  ufed,  they  being  moftly  com- 
pofed  of  glafs  mixed  with  metallic  calxes ;  all  which,  not  ex- 
cepting the  calx  of  tin,  by  more  intenfe  heat  might  be  reduce^ 
to  tranfparent  glafTes.  The  white  vitreous  compolition  which  is 
the  bails  of  all  enamels  is  prepared,  according  to  Neri,  by  melt- 
ing together  a  hundred  parts  of  frit  of  calcined  flints,  one  part  of 
pure  fait  of  t  :rtar,  and  a  hundred  parts  of  a  calx  of  lead  and  tin. 
This  calx  is  prepared  by  calcining  together  equal  parts  of  tin  and 
lead,  and  reducing  the  fubftance  fo  calcined  to  a  very  fine  pow- 
deF,  by  -bruifing  it,  palling  it  .through  a  fieve,  boiling  it  in  water, 
decanting  the  water  in  which  the  finer  parts  are  fufpended,  eva- 
porating the  water,  and  drying  the  powder  ;  and  by  repeating 
the  calcination  and  fubfequent  operations  upon  the  grofier  parti- 
cles, till  they  become  as  fine  as  the  former.  This  compolition 
when  fiightly  fufed  is  to  be  reduced  to  a  powder,  and  formed  into 
all  the  various  colored  enamels,  by  adding  to  it  coloring  fub- 
flanccs.  Thus  by  adding  to  fix  pounds  of  this  compofition,  for- 
ty-eight grains  of  magnefia,  a  jtneiubite  enamel  may  be  prepared;' 
an  czure  blue  enamel,  by  adding  to  the  fame  quantity  three  ounces 
of  zarTte,  and  fixty  grains  of  calcined  copper;  a  turquois  blue 
enamel,  by  adding  three  ounces  of  calcined  copper,  ninety-fix 
grains'  of  zafFre,  and  forty-eight  grains  of  magnefia  ;  a  green 
enamel,  by  adding  rhree  ounces  of  calcined  copper  and  fixty  grains 
of  fcales  of  iron  ;  a  fiining  black  enamel,  by  adding  three  ounces 
of  zafFre  and  as  much  magnefia  4  a  purple  enamel,  by  adding  three 
ounces  of  magnefia;  zyellonv  enamel,  by  adding  three  ounces  of 
tartar  and  feventy  two  grains  of  magnefia;  z./ea- green  or  beryl- 
colored  enamel,  by  adding  three  ounces  of  calcined  brafs  and  fixty 
grains  of  zafFre  ;  and  a  violet  colored  enamel,  by  adding  two  ounces 
©f  magnefia  and  forty-eight  grains  of  calcined  copper.    Thefc  are 
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ENS  MARTIS,  and  ENS  VENERIS.  Thefe 
Latin  names  are  given  to  the  flowers  of  iron  and  of  copper 
made  with  fal  ammoniac,  or  rather  to  thefe  two  metals 
i'ublimed  by  this  fait.    See  Flowers. 

ESSAY.  Eflays  are  chemical  operations  made  in 
fmall,  to  determine  the  quantity  of  metal  or  other  matter 
which  is  contained  in  minerals,  or  to  difcover  the  value  or 
purity  of  any  mafs  of  gold  or  iilver. 

We  fhall  treat  fucceflively  of  each  kind  of  elTay. 

ESSAY  of  ORES.  '  Before  e%s  of  ores  can  be  well 
made,  a  preliminary  knowledge  of  the  nature  of  the  feveral 
metallic  minerals  ought  to  be  attained.  Each  metal  has  its 
proper  and  improper  ores,  which  have  peculiar  characters 
and  appearances  :  hence  perfons,  accuftomed  to  fee  them, 
know  pretty  nearly,  by  the  appearance,  weight,  and  other 
obvious  qualities,  what  metal  is  contained  in  a  mineral. 
A  good  effayer  ought  to  be  very  intelligent  in  this  matter, 
that  he  may  at  once  know  what  the  proper  operations  are 
which  are  requifite  to  the  effay  of  any  given  mineral.  Some 
remarks  may  be  found  on  this  fubjecl:  under  the  article 
Ores. 

As  metals  are  very  unequally  distributed  in  their  ores, 
we  mould  be  apt  to  make  falfe  and  deceitful  eflays,  if  we 
did  not  ufe  all  poffible  precautions  that  the  proportionable 
quantity  of  metal  produced  by  any  eiiay  fhall  be  nearly  the 
medium  contained  in  the  whole  ore.  This  is  effected  by 
taking  pieces  of  the  mineral  from  the  feveral  veins  of  the 
mine,  if  there  be  feveral,  or  from  different  places  of  the 
fame  vein.  All  thefe  minerals  are  to  be  {hook  together 
with  their  matrixes.  The  whole  is  to  be  well  mixed 
together,  and  a  convenient  quantity  of  this  mixture  is 

the  receipts  given  by  Neri,  and  approved  by  Kunkel.  The  in- 
tenfity  and  continuance  of  the  heat  mult  be  attended  to,  as 
the  colors  both  of  enamels  and  of  the  tranfparent  giafles  imi- 
tating colored  precious  ftones,  efpecially  of  thofe  which  contain 
magnefia,  depend  much  on  thefe  circumftances.  White  enamels 
may  be  compofed  of  other  fubltances  bcfides  calx  of  tin.  Merret 
propofes  to  fubftitute  regulus  of  antimony.  Calcined  bones,  and 
perhaps  other  white  earths,  may  be  ufed  for  the  fame  purpofe. 
Mr.  D'Arcet  found  that  gypfum  mixed  with  white  clay,  or  with 
clay  and  hard  fpar,  formed  very  beautiful  enamels,  Perhaps 
fome  of  thefe  enamels  woirid  form  glazings  preferable  to  that 
made  with  calx  of  tin,  for  covering  thofe  kinds  of  earthen  ware 
which  require,  in  the  baking,  greater  heat  than  is  fui table  to  the 
common  enamel. 
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to  be  taken  for  the  efiay.  This  is  called  the  lotting  of  the 
pre. 

As  eflays,  particulary  the  firft,  are  generally  made  ih 
fmall,  eilayers  have  very  fmall  weights  corrcfponding  to 
the  weights  ufed  in  the  great,  that  is,  to  the  quintal  or 
hundred  pounds  weight,  to  pounds,  ounces,  drams,  &c. 
The  efTay  quintal  and  its  fubdivifions  vary  according  to 
the  difference  of  weights  in  different  countries,  and  this 
cccafions  fome  confufion,  when  thefe  weights  are  to  be 
adj  ufted  to  each  other.  Tables  of  thefe  weights  are  found 
in  treatifes  of  efiaying,  and  particularly  in  that  written 
by  Schlutter,  and  tranfiated  and  rendered  more  com- 
plete by  Hellot,  which  contains  all  the  details  necefiary  for 
the  fubject. 

The  cuftom  is  to  take,  for  the  efiay  quintal,  a  real 
weight  of  a  gros,  or  dram,  which  in  France  is  equal  to 
72  grains  j  but  as  the  whole  dram  reprefents  100  pounds, 
each  grain  reprefents  a  pound  and  a  fraction  of  a  pound  ; 
and  hence  fome  difficulty  and  confufion  arife  in  making 
the  fubdivifions.  A  better  method  is  that  of  Mr.  Hellot, 
which  is  to  make  the  fictitious  or  efiay  quintal  equal  to 
a  hundred  real  grains,  and  then  each  grain  reprefents  a  real 
pound.  This  efTay  quintal  is  fufnciently  exact  for  ores 
of  lead,  tin,  copper,  iron,  antimony,  bifmuth,  and  mer- 
cury. But  for  ores  of  filver  and  gold  another  re  pre  fen  tar.  ion 
is  convenient ;  for  thefe  metals,  as  Mr.  Hellot  fays,  are 
generally  in  fo  fmall  quantity,  that  the  button  or  fmall 
piece  of  metal  obtained  in  the  eiTay  could  not  be  accurately 
weighed,  if  a  hundred  real  grains  were  made  to  reprefeiit 
a  quintal ;  and  the  difficulty  of  feparating  the  gold  from  fo 
fmall  a  quantity  would  be  frill  greater.  Thefe  motives 
have  induced  Mr.  Hellot  to  ufe  for  thefe  ores  a  fictitious 
quintal  fixteen  times  greater,  that  is,  equal  to  jl6oo  real 
grains,  which  reprefent  1600  ounces,  that  is,  100  lb.  or 
quintal.  The  ounce  being  reprefented  by  a  grain,  its 
feveral  fubdivifions  muff,  be  reprefented  by  fractions  of  a 
grain.  Thus  12  grains  of  the  fictitious  quintal  cor- 
refpond  with  ^  of  a  real  grain  (n)  ;  and  this  latter  quan- 
tity may  be  accurately  weighed  in  eiTay  balances,  which 
when  well  made,  are  fenfible  to  a  much  iefs  weight. 

(n)  The  pounds,  of  which  a  hundred  are  here  fuppofed  to 
make  a  quintal,  are  called  Paris  pounds,  one  of  winch  contains 
9216  grains.    See  Weights. 
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When  a  quintal  of  an  ore  to  be  eflfayed  has  been  weighed  f- 
and  lotted,  as  we  defcribed  above,  it  is  to  be  roafhd  in 
a  teft  under  a  muffle.  It  is  to  be  warned,  it*  neceilary; 
and,  in  fhort,  the  fame  operations  are  to  be  made  in  fmall 
which  are  ufually  done  in  great.  Additions  alfo  are  to  be 
made*  and  in  proper  proportions,  according  to  the  peculiar 
nature  of  the  ore.  The  fluxes  generally  mixed  with  the 
ore  in  eflays  are  three,  four,  or  rive  parts  of  black  flux ; 
one,  two,  or  three  parts  of  calcined  borax ;  and  one  half 
of  that  quantity  of  decrepitated  common  fait.  The  more 
refractory  the  ore  is,  the  more  neceflary  is  the  addition  of 
thefe  fluxes  :  then  the  whole  mixture  is  to  be  fuled  either  in 
a  forge,  or  in  a  melting  or  effay  furnace. 

To  make  eflays  well,  all  poflible  attention  and  accuracy 
are  to  be  employed.  This  object  cannot  be  too  much 
attended  to ;  for  the  leaft  inaccuracy  in  weighing,  or 
lofs  of  the  fmalleft  quantity  of  matter,  might  caufe  errors, 
fo  much  greater,  as  the  disproportion  betwixt  the  weights 
employed  and  thofe  reprefented  is  greater.  The  moft 
minute  accuracy  therefore  is  neceflary  in  thefe  operations. 
For  inftance,  the  eflay  balances  ought  to  be  fmall,  and 
exceedingly  juft.  The  ore  ought  not  to  be  weighed  till 
it  has  been  reduced  to  grofs  powder  lit  for  roafting ;  be- 
caufe  fome  of  it  is  always  loft  in  this  pulverization.  When 
the  ore  is  roafted,  it  ought  to  be  covered  with  an  inverted 
teft  ;  becaufe  moft  ores  are  apt  to  crackle  and  difperfe, 
when  nrlt  heated.  To  make  the  fufion  good  and  compleat, 
the  precile  degree  of  fire  which  is  requifite  ought  to  be 
employed  ;  and  when  it  is  finiflied,  the  crucible  ought  to  be 
ftruck  two  or  three  times  with  fome  inftrument  to  facilitate 
the  difengagement  of  the  parts  of  the  regulus  from  the 
fcoria,  and  to  occafion  their  defcent  and  union  into  one 
button  of  metal.  The  crucible  ought  not  to  be  broken, 
nor  its  contents  examined  till  it  is  perfectly  cold. 

Upon  breaking  the  crucible,  we  may  know  that  the 
fufion  has  been  good,  if  the  fcoria  be  neat,  compact,  and 
equal ;  if  it  has  not  overflowed  cr  penetrated  the  crucible  ; 
if  it  contain  no  metallic  grains ;  and  if  its  furface  be 
fmooth,  and  hollowed  in  the  middle.  The  regulus  or 
button  ought  to  be  well  collected,  without  holes,  or 
bubbles,  and  to  have  a  neat  convex  furface  :  it  is  then  to 
be  feparated  from  the  fcoria,  well  fcraped  and  cleaned  5 
and,  laftly,  is  to  be  weighed.  If  the  operation  has  been 
well  made,  its  weight  mows  the  quantity  of  metal  which 
every  real  quintal  of  ore  will  yield  in  the  great.    If  the 
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perfect  fuceefs  of  this  efTay  be  in  any  refpecl:  doubtful, 
it  ought  to  be  repeated  ;  but  the  beft  method  at  all  times  is 
to  make  feveral  efTays  of  the  fame  ore.  Some  fmall  dif- 
ferences are  always  found,  however  well  the  efTays  may 
have  been  made.  By  taking  the  medium  of  the  refults 
of  the  feveral  operations,  we  may  approach,  as  nearly  as 
pomble,  the  true  product,  of  the  ore. 

Lafcly,  as  mines  are  not  worked,  nor  founderies  efta- 
blifhed  (which  cannot  be  done  without  confiderable  ex- 
pence)  till  the  ore  has  been  eflayed,  ten  or  twelve  real 
pounds  of  the  ore  ought  to  be  previously  effayed ;  and 
efTayers  ought  to  be  furnifhed  with  necefiary  furnaces  and 
instruments  for  thefe  larger  efTays. 

We  now  proceed  to  give  fome  examples  of  eflays  of  ores. 
To  efTay  a  lead  ore,  for  inftance,  which  is  not  very  refrac- 
tory, let  one  or  more  quintals  of  this  ore  be  grofly  pow- 
dered, and  roafted  in  a  teft  till  no  more  fulphureous  vapors 
be  exhaled,  and  then  reduced  to  a  liner  powder ;  it  is  then 
to  be  accurately  mixed  with  twice  its  weight  of  black 
flux,  a  fourth  part  of  its  weight  of  clean  filings  of  iron 
and  of  borax.  Thefe  proportions  are  given  by  Mr.  Cramer . 
The  mixture  is  to  be  put  into  a  good  crucible,  or  rather 
into  a  teft ;  it  is  then  to  be  covered  with  a  thicknefs  of 
two  or  three  fingers  of  decrepitated  fea-falt ;  the  crucible  is 
to  be  clofed,  and  placed  in  a  melting  furnace,  which  is  to* 
be  filled  with  unlighted  charcoal,  fo  that  the  top  of  the 
crucible  fhall  be  covered  with  it.  Lighted  coals  are  then 
to  be  thrown  upon  the  unkindled  charcoal,  and  the  whole 
is  left  to  kindle  flowly,  till  the  crucible  be  red-hot ;  foon 
after  which  a  hilling  noife  proceeds  from  the  crucible, 
which  is  occafioned  by  the  reduction  of  the  lead  :  the  fame 
degree  of  fire  is  to  be  maintained  while  this  noife  continues; 
and  is  afterwards  'to  be  fuddenly  encreafed,  fo  as  to  make 
a  perfect  fufion  ;  in  which  ftate  it  is  to  be  continued  during 
a  quarter  of  an  hour ;  after  which  it  is  to  be  extinguifhed  ; 
and  the  operation  is  then  finifhed. 

The  filings  of  iron  are  added  to  the  mixture,  to  abforb 
the  fulphur,  a  certain  quantity  of  which  generally  remains 
united  with  the  lead  ore,  notwithstanding  the  roafting.. 
We  need  not  fear  left  this  metal  fhould  unite  with  the  lead 
and  alter  its  purity  ;  becaufe  although  the  fulphur  fhould 
not  hinder  it,  thefe  two  metals  cannot  be  united.  The 
refractory  quality  of  the  iron  does  not  impede  the  fufiorr; 
for  the  union  it  forms  with  the  fulphur  renders  it  fo  fufible, 
that  it  becomes  itfelf  a  kind  of  flux* 
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This  addition  of  iron  in  the  eflay  of  lead  ores  would 
"be  ufelefs,  if  the  ores  were  fufficiently  roafted,  fo  that  no 
fulphur  mould  remain. 

Lead  ores  generally  contain  fome  nlver,  and  fometimes 
a  confiderable  quantity  of  it  j  wherefore,  after  the  ore  has 
been  eiTayed,  and  the  regulus  of  lead  collected  and  weighed, 
it  ought  to  be  tefted,  to  difcover  the  quantity  of  filver  it 
contains  j  and  as  fometimes  thefe  lead  ores  contain  alfo 
gold,  the  button  of  filver  remaining  upon  the  cupel  ought 
to  be  eiTayed  by  parting,  to  af  certain  the  quantity  of  gold, 
if  there  be  any. 

The  details  for  the  efTays  of  all  other  ores  and  minerals 
are  too  numerous  to  be  inferted  in  this  work.  They  are 
themfelves  the  fubject  of  feveral  books,  which  may  be 
confulted.  The  bed  of  thefe  books  are  Cramer's  Art  of 
EiTaying  (Ars  Docimaftica),  and  Schlutter's  Work  tranf- 
lated  into  French  by  Mr.  Hellot.  We  fliall  find  many 
things  relating  to  this  matter  under  the  articles,  Ores, 
Smelting  of  Ores,  (o) 
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(o)  The  eiTaying  of  ores  is  a  matter  of  fuch  importance  to  che- 
miftry,  to  arts,  and  to  the  wealth  of  nations,  that  we  lhall  en- 
deavour to  fupply  what  the  author  of  the  Dictionary  has  omit- 
ted on  this  fubject,  by  adding  to  the  feveral  articles  of  the  ores 
of  metals  the  methods  of  eiTaying  thefe  ores.  SeeOxps.  We 
lhall  here  only  obferve  in  general,  that  the  methods  generally 
pra&ifed  for  effaying  ores  of  imperfect  metals,  and  ferni-metals 
efpecially,  are  inefficient  to  procure  the  whole  quantity  of  metal 
contained  in  ores,  or  even  fo  much  as  is  obtained  in  the  fmelting 
of  large  quantities  of  ores ;  and  that  therefore  the  refult  of  efTays 
is  not  to  be  confidered  as  the  precife  quantity  contained  in  an  ore, 
but  generally  only  as  an  inaccurate  approximation-to  that  quanti^ 
ty.  Mr.  Gellert  afcribes  one  caufe  of  the  want  of  fuccefs  of  thefe 
operations  to  the  alkaline  falts  employed  as  fluxes  to  the  ores,  by 
which  molt  metallic  calxes  are  partially  ibluble,  but  more  efpe- 
cially fo,  when  any  of  the  fulphur  of  the  ore  remains  ;  which, 
by  uniting  with  thefe  falts,  forms  a  hepar  of  fulphur,  which  is 
the  moft  powerful  of  all  folvents.  He  propofes  therefore  to  omit 
the  black  flux,  and  other  alkaline  falts,  and  to  add  nothing  to 
the  ore  but  powder  of  charcoal,  and  forre  fufible  glafs.  This 
method,  he  fays,  he  learned  from  Mr.  Cramer,  and  has  himfel 
ufed  with  much  fuccefs  in  the  elTays  of  iron  and  copper  :  but 
finding  that  other  im  »:rfec~t  metallic  fubftances  could  not  fuflain 
the  heat  neceiTary  to  effect  the  fufion  and  vitrification  of  the 
unmetallic  parts  of  the  ore  without  being  part'y  diflipatcd,  he 
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ESSAY  of  the  VALUE  of  SILVER,  to  examine 
its  purity,  or  the  quantity  of  alloy  mixed  with  it.  Th$ 
common  method  of  examining  the  purity  of  filver,  is  by 
mixing  it  with  a  quantity  of  lead  proportionable  to  tht 
quantity  of  imperfect  metals  with  which  it  is  fuppofed  to 
be  alloyed  ;  by  tcfting  this  mixture ;  and  afterwards  by 
weighing  the  remaining  button  of  filver.  The  lofs  of 
weight  which  the  filver  fuffers  by  cupellation  {hews  the 
quantity  of  imperfecl:  metals  which  it  contained. 

We  may  hence  perceive,  that  the  effay  of  filver  is 
nothing  elfe  than  the  refining  of  it  by  cupellation.  The  only 
difference  betwixt  thefe  two  operations  is,  that  when  filver 
is  tefted  merely  for  the  purpofe  of  refining  it,  its  value  is 
generally  known ;  and  it  is  therefore  mixed  with  the  due 
proportion  of  lead,  and  tefted  without  any  neceflity  of 
attending  to  the  lofs  of  weight  it  fuftains  during  the  opera- 
tion ;  whereas  in  the  effay  all  poffible  methods  ought  to  be 
employed  to  afcertain  precifely  this  lofs  of^weight.  The 
nrft  of  thefe  operations,  or  the  mere  refining  of  filver,  is 
made  in  the  great,  in  the  fmelting  of  filver  ores,  and  in 
mints  for  making  money.  See  Refining.  The  fecond 
operation  is  never  made  but  in  fmall  \  becaufe  the  expences 
of  fmall  operations  are  lefs  than  of  great,  and  the  requifite 
accuracy  is  more  eafily  attended  to.  The  laft  operation 
is  our  prefent  fubject,  and  is  to  be  performed  in  the  follow- 
ing manner. 

We  fuppofe,  firft,  that  the  mafs  or  ingot  of  filver,  of 
which  an  eflay  is  to  be  made,  confifts  of  twelve  parts  per- 
fedtly  equal,  and  thefe  twelve  parts  are  called  penny- 
weights. Thus  if  the  ingot  of  filver  be  an  ounce  weight, 
each  of  thefe  twelve  parts  will  be  TV  of  an  ounce ;  or  if  it 
be  a  mark,  each  of  thefe  will  be  of  a  mark,  &c.  Hence 
if  the  mafs  of  filver  be  free  from  all  allay,  it  is  called  filver 
of  twelve  penny-weights  -y  if  it  contains  T'r  of  its  weight 
of  allay,  it  is  called  filver  of  eleven  penny-weights;  if  7V 
of  its  weight  be  allay,  it  is  called  filver  of  ten  penny- 
found  it  neceffary  to  add  in  the  e flays  of  thefe  latter  metallic  mat- 
ters fome  borax,  by  which  the  fufion  might  be  completed  witk 
lefs  heat.  As  we  confider  this  as  a  confiderable  improvement  in 
the  art  of  eflaying  ores,  we  ihall,  to  the  articles  of  the  feveral 
cres,  add  not  only  the  proce/Tes  commonly  prefcribed,  but  alfo 
thefe  of  Mr.  Gellert,  according  to  the  method  here  mentioned. 
■5>,  Ores.  '  ' 
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weights;  and  thefe  ten  penny-weights  or  parts  of  purefilver 
are  called  fine  penny-weights. 

We  ought  to  obferve  here  concerning  thefe  penny- 
weights, that  eflayers  give  alfo  the  name  penny-ixf eight  to  a 
weight  equal  to  twenty-four  real  grains' ;  which  latter 
real  penny-weight  muft  not  be  confounded  with  the  former, 
which  is  only  ideal  and  proportional ;  and  fuch  a  confufion 
is  the  more  likely  to  take  place,  as  this  ideal  .penny-weight 
is  alfo,  like  the  former,  divided  into  twenty-four  ideal 
grains,  which  are  called  fine  grains. 

An  ingot  of  fine  filver,  or  filver  of  twelve  penny-weights, 
contains  then  288  fine  grains  ;  if  this  ingot  contains 
yg-g  of  allay,  it  is  faid  to  be  filver  of  eleven  penny-weight 
and  twenty-three  grains  j  if  it  contains  of  allay,  it  is 
called  filver  of  eleven  penny-weight  and  twenty-two  grams; 
if  it  contains  £  fa  it  is  called  filver  of  eleven  penny-weight 
and  ten  grains ;  and  fo  on.  Laftly,  the  fine  grain  has 
alfo  its  fractions,  as  i,  I  of  a  grain,  &c. 

As  elTays  to  difcover  the  value  of  filver  are  always  made 
in  fmall,  eflayers  only  take  a  fmall  portion  of  an  ingot 
for  the  trial,  and  the  cuftom  in  France  is  to  take  thirty- 
fix  real  grains  for  this  purpofe,  which  is  confequently  the 
largeft  weight  they  employ,  and  reprefents  twelve  fine 
penny-weights.  This  weight  is  fubdivided  into  a  fufficient 
number  of  other  fmaller  weights,  which  alfo  reprefent 
fractions  of  fine  penny-weights  and  grains.  Thus  eighteen 
real  grains,  which  'is  half  of  the  quantity  employed,  re- 
prefent fix  fine  penny-weights  ;  three  real  grains  reprefent 
one  fine  penny- weight,  or  twenty-four  fine  grains  ;  a  real 
grain  and  a  half  reprefent  twelve  fine  grains ;  and  -jV  part 
of  a  real  grain  reprefents  \  part  of  a  fine  grain,  which  is 
only  ylr  part  of  a  mafs  of  twelve  penny-weights. 

We  mayeafily  perceive  that  weights  fo  fmall,  and  efTay 
balances,  ought  to  be  exceedingly  accurate.  Thefe  balances 
are  very  fmall,  fufpended  and  inclofed  in  a  box  the  fides 
of  which  are  panes  of  glafs,  that  they  may  be  preferved 
from  duft,  and  that  their  motion  may  not  be  affected  by 
agitated  air,  fo  as  to  diforder  their  action. 

When  an  efTay  of  a  mafs  or  ingot  of  filver  is  to  be 
made,  the  cuftom  is  to  make  a  double  efTay.  For  this 
purpofe,  two  fictitious  femi-marks,  each  of  which  may 
be  equal  to  thirty-fix  real  grains,  are  to  be  cut  from  the 
ingot.  Thefe  two  portions  of  filver  ought  to  be  weighed 
very  exactly  ;  and  they  ought  alfo  to  have  been  taken, 
from  oppofite  fides  of  the  ittgot. 
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Perfcns  accuftomed  to  thefe  operations  know  pretty 
nearly  the  value  of  filver  merely  by  the  look  of  the  ingot, 
and  ftiH  better  by  rubbing  it  on  a  touchftone.  By  the 
judgme:.:  they  form  of  the  purity  of  the  ingot,  they  regu- 
late the  quantity  of  lead  which  is  to  be  added  to  it,  as 
this  quantity  mult,  be  always  proportionable  to  the  quantity 
of  imperfect  metal  mixed  with  the  filver. 

Neverthelefs,  this  proportion  of  lead  to  the  alloy  has  not 
been  precifely  determined.  Authors  who  treat  of  this 
fubject  differ  much.  They  who  direct  the  largeft  quantity 
of  lead  fay,  that  thereby  the  alloy  is  more  certainly  de- 
itroyed  5  and  others  who  direct  a  fmall  quantity  of  lead 
prctv  nd,  thaj  no  more  of  that  metal  ought  to  be  u fed  than 
is  abfolutel.y  fteceflary,  becaufe  it  carries  off  with  it  always 
fome  portion  of  iilver.  Every  efiayer  ufes  his  own  particular 
method  of  proceeding,  to  which  he  is  attached. 

To  afcertain  thefe  doubtful  points,  three  chemifts  of  the 
Academy  of  Sciences  at  Paris,  MefiVs.  Heilor,  Tillet,  and 
Macquer,  were  appointed  by  the  French  Government. 
They  were  directed  to  afcertain  every  thing  concerning  the 
eiTay  of  gold  and  of  filver  by  authenticated  experiments, 
made  under  the  infpect.icn  of  a  miniiter  whofe  fuperior 
knowledge  is  equal  to  his  defire  of  public  good,  and  in 
prefence  of  the  officers  of  the  mint. 

The  experiments  made  by  thefe  chemifts,  and  the  con- 
fequent  regulation,  have  determined  that  four  parts  of  lead 
are  requifite  for  one  part  of  iilver  of  eleven  penny-weight 
and  twelve  grains,  that  fix  parts  of  lead  are  requifite  for 
filver  of  eleven  penny-weight,  eight  parts  of  lead  for  filver 
of  ten  penny -weight,  ten  parts  c*  lead  for  fiiver  of  nine 
penny-weight,  and  fo  on  in  the  fame  progreftion. 

1  wo  cupels  of  equal  fize  and  weight  are  to  be  chofen. 
The  cuftom  is  to  ufe  cupels  of  fuch  a  iize,  that  their  weight 
fhall  be  equal  to  that  of  one  half  of  the  lead  employed  in 
the  eiTay  j  becaufe  fuch  cupels  have  been  found  capable  of 
imbibing  all  the  litharge  formed  during  the  operation. 
Thefe  cupels  are  to  be  placed  together  under  a  muffle  in  an 
efTay-furnace.  The  fire  is  to  be  kindled,  and  the  cupels 
to  be  made  red-hot,  and  to  be  kept  fo  during  half  an  hour 
at  leaft  before  any>  metal  be  put  into  them.  This  precau- 
tion is  neeefaiT  to  dry  and  calcine  them  perfectly ;  becaufe 
if  they  contained  any  moifture  or  inflammable  matter,  an 
ebullition  and  efTervefcence  would  be  occafioned  in  the 
effay.  When  the  cupels  are  beared  fo  as  to  become  almoft 
white,  the  lead  is  to  be  put  into  them  -y  the  fire  is  to  be 
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tnereafed,  which  is  done  by  opening  the  door  of  the  afh- 
hole  fo  as  to  admit  air,  till  the  lead  becomes  red,  fmoking, 
.and  is  agitated  by  a  motion  of  its  parts  called  its  circulation , 
and  till  its  furface  becomes  fmooth  and  clear. 

Then  the  filver,  previoufly  beat  into  fmall  plates  for 
its  eafier  fufion,  is  to  be  put  into  the  cupels ;  the  fire  is 
to  be  continued,  and  even  encreafed,  by  putting  hot  coals 
at  the  mouth  of  the  muffle,  till  the  filver  ihall  have  entered 
the  lead,  that  is,  till  it  have  melted  and  mixed  with  the  lead. 
When  the  melted  matter  circulates  well,  the  heat  is  to  be 
xliminifhed  by  taking  away,  partly  or  entirely,  the  coals  put 
at  the  mouth  of  the  muffle,  and  by  clofing  more  or  lofs  the 
doors  of  the  furnace.  * 

The  heat  ought  to  be  regulated  fo,  that  the  efTays  in  the 
.cupels  (hall  have  furfaces  fenfibly  convex,  and  mail  appear 
ardent,  while  the  cupels  are  lefs  red  ;  that  the  fmoke 
ihall  rife  almoft  to  the  roof  of  the  muffle  ;  that  undulations 
ihall  be  made  in  all  directions  upon  the  furfaces  of  the 
>e(Tays,  which  are  called  circulations  ;  that  their  middles 
fhall  be  fmooth  and  furrounded  with  a  fmall  circle  of 
•litharge,  which  is  continually  imbibed  by  the  cupels. 

The  elTays  are  to  be  kept  in  this  (rate  till  the  operation 
is  finifhed,  that  is,  till  the  lead  and  .alloy  have  foaked 
into  the  cupel  :  and  the  furfaces  of  the  buttons  of  filver 
being  no  longer  covered  with  a  pellicle  of  litharge,  become 
fuddenly  bright  and  fhining,  and  are  then  faid  to  lighten. 
If  the  operation  has  been  well  conducted,  the  two  e flays 
ought  to  become  bright  nearly  at  the  fame  time.  When 
the  filver  has  been  by  this  operation  well  refined,  we  may 
fee,  immediately  after  it  has  brightened,  the  furface  of  the 
•filver  covered  with  rainbow  colors,  which  quickly  undulate 
and  crofs  each  other,  and  then  the  buttons  become  fixed 
or  folid. 

The  management  of  the  fire  is  an  important  article  in 
■eiTays.  For  if  the  heat  be  too  great,  the  lead  is  fcorified' 
and  imbibed  by  the  cupel  fo  quickly,  that  it  has  not  fufH- 
•cient  time  to  fcorify  and  carry  along  with  it  all  the  alloy  ; 
and  if  the  heat  be  too  little,  the  litharge  is  gathered  upon 
the  furface,  and  does  not  penetrate  the  cupel.  The  efTayers 
fay  then  that  the  elTay  is  choahed  or  drowned.  In  this  cafe 
the  elTay  does  not  advance,  becaufe  the  litharge'  covering 
jthe  furface  of  the  metal  defends  it  from  the  contact  of 
air,  which  is  abfolutely  necefTarv  for  the  calcination  of 
petals.    See  Calcination  and  Combustion. 
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We  have  above  related  the  marks  of  a  fuccefsful  efiay. 
The  heat  may  be  known  to  be  too  great,  from  the  con- 
vexity of  the  furface  of  the  melted  metal  j  from  a  too 
ftrong  circulation ;  from  the  too  vivid  appearance  of  the 
cupel,  fo  that  the  colors  given  to  it  by  the  litharge  cannot 
be  diftinguifhed  ;  and,  laftly,  by  the  fmoke  rifmg  up  to  the 
roof  of  the  muffle,  or  not  being  at  all  vifible,  from  its  being 
fo  ardent  and  red-hot  as  not  to  be  diftinguifhable.  In  this 
cafe  the  heat  muft  be  diminiflied  by  (hutting  the  door  of 
the  afh-hole  :  Some  efTayers,  for  this  purpofe,  put  round 
the  cupels  fmall,  oblong,  cold  pieces  of  baked  clay,  which 
they  call  injlruments. 

If,  on  the  contrary,  the  melted  metal  have  a  furface  not 
very  fpherical,  relatively  to  its  extent ;  if  the  cupel  appear 
dark  colored,  and  the  fmoke  of  the  eflay  do  only  creep  upon 
the  furface ;  if  the  circulation  be  too  weak,  and  the  fcoria 
which  appears  like  bright  drops  have  but  a  dull  motion, 
and  are  not  foaked  into  the  cupel  ;  we  may  be  allured 
that  the  heat  is  too  weak ;  much  more  may  we  be  allured 
of  it  when  the  metal  fixes,  as  the  efTayers  call  it.  In  this 
cafe,  the  fire  ought  to  be  encreafed  by  opening  the  door 
^f  the  am-hole,  and  by  placing  large  burning  coals  at  the 
mouth  of  the  muffle,  or  even  by  laying  them  acrofs  upon 
the  cupels. 

As  foon  as  the  lead  is  put  into  the  cupels,  the  fire  is  to  be 
encreafed,  becaufe  they  are  then  cooled  by  the  cold  metal, 
and  the  lead  ought  to  be  quickly  melted,  to  prevent  its 
calx  from  collecting  upon  its  furface  in  too  great  quantity 
before  it  be  formed  into  litharge ;  which  it  would  do,  and 
be  difficultly  fufed,  if  the  heat  were  too  weak. 

When  the  filver  is  added  to  the  lead,  the  heat  muft  be 
{till  encreafed,  not  only  becaufe  the  filver  cools  the  mafs, 
but  becaufe  it  is  lefs  fufible  than  lead.  And  as  all  thefe 
effects  ought  to  be  produced  as  quickly  as  poffible,  more 
Jbeat  is  at  length  given  than  ought  to  be  continued ;  and 
therefore,  when  the  filver  has  entered  the  lead,  the  heat  is 
to  be  diminiflied  till  it  becomes  of  a  due  intenfity  for  the 
operation. 

During  the  operation  the  heat  ought  gradually  to  be 
augmented  to  the  end  of  it,  both  becaufe  the  metallic 
mixture  becomes  lefs  fufible  as  the  quantity  of  lead  dimi- 
nifhes,  and  alfo  becaufe  the  lead  is  more  difficultly  fcori- 
fiable,  as  it  is  united  with  a  larger  proportion  of  filver. 
Hence  the  eflays  muft  be  rendered  very  hot  before  they 
brighten. 
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When  the  operation  is  finifhed,  the  cupels  are  left  in  ths 
fame  heat  during  fome  feconds,  to  give  time  to  the  lad 
portions  of  litharge  to  be  entirely  abforbed ;  becaufe  if 
any  of  it  remained  under  the  buttons  of  filver,  it  would 
ftiqk  to  them.  The  fire  is  then  allowed  to  extinguifh,  and 
the  cupels  to  cool  gradually,  till  the  buttons  have  entirely 
fixed,  particularly  if  they  be  pretty  large ;  becaufe  if  they 
cool  too  quickly,  their  furfaces  fix  and  contract,  before 
the  internal  mafs,  which  is  thereby  fo  ftrongly  comprefled 
as  to  burft  through  the  external  folid  coat  and  form  vegeta- 
tions, or  even  to  be  entirely  detached  from  the  reft  of  the 
mafs  and  diflipated.  This  is  called  the  vegetation  of  the 
button.  It  ought  to  be  carefully  prevented,  becaufe  final! 
bits  of  filver  are  fometimes  thrown  out  of  the  cupel. 

Laftly,  when  the  buttons  are  thoroughly  fixed,  they  are 
to  be  difengaged  from  the  cupels  by  a  fmall  iron  utenfil 
while  they  are  yet  hot,  otherwife  they  could  not  be  dif- 
engaged clean  and  free  from  part  of  the  cupels  which 
fhongly  adhere  to  them  when  the  heat  is  much  diminifhed. 

Nothing  then  remains  to  compleat  the  efTay  but  to  weigh 
the  buttons.  The  diminution  of  weight  which  they  have 
fuftained  by  cupellation  will  Ihow  the  purity  or  value  of  the 
ingot  of  filver. 

We  ought  to  obferve,  that  as  almoft  all  lead  naturally 
Contains  filver,  and  that  after  cupellation  this  filver  is 
mixed  with  the  filver  of  the  ingot  in  the  button  of  the  efTay; 
before  we  employ  any  lead  in  this  operation,  we  ought  to 
know  how  much  filver  it  contains,  that  we  may  fubtradt 
this  quantity  from  the  weight  of  the  button,  when  we  com- 
pute the  finenefs  of  the  filver  of  the  ingot  effayed.  For 
this  purpofe  effayers  generally  cupel  a  certain  quantity  of 
their  lead  feparately,  and  weigh  accurately  the  button  of 
filver  it  yields  :  or,  at  the  fame  time  when  they  efTay  filvei, 
they  put  into  a  third  cupel,  in  the  muffle,  a  quantity  of 
lead  equal  to  that  employed  in  both  their  efTays ;  and 
when  the  operation  is  finifhed,  and  the  buttons  are  to  be 
weighed,  they  throw  the  fmall  button  produced  from  the 
lead  alone  into  the  fcale  which  contains  the  weights ;  and 
as  this  exactly  counterpoifes  the  fmall  portion  of  filver 
which  the  efTay  buttons  have  received  from  the  lead 
employed  in  the  cupellation,  the  v/eights  will  flieW 
precifely  the  quantity  of  filver  contained  in  the  ingot, 
and  thus  the  trouble  of  calculating  is  prevented.  The 
fmall  button  of  filver  procured  from  the  cupellation  of  lend 
alone  is  called  the  witnefs*    But  to  prevent  this  trouble, 
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«fTayers  generally  employ  lead  which  contains  no  filver, 
fuch  as  that  from  Willach  in  Carinthia,  which  is  therefore 
procured  by  effayers . 

In  the  fecond  place  we  mall  obferve,  that  a  certain 
quantity  of  filver  always  pafTes  into  the  cupel,  as  refiners 
in  the  great  have  long  obferved,  and  which  happens  alfo  in 
eifaying  fmall  quantities.  The  quantity  of  filver  thus  ab- 
forbed, varies  according  to  the  quantity  of  the  lead  employed, 
and  the  matter  and  form  of  the  cupels ;  all  which  objects 
will  undoubtedly  be  determined  by  the  above  mentioned 
chemifts. 

The  cupellation  which  we  have  now  defcribed  is  exactly 
the  fame  for  efTays,  by  which  the  produce  of  a  filver  ore^ 
or  of  an  ore  of  another  metal  containing  filver*  is  deter- 
mined. But  as  thefe  ores  contain  frequently  gold,  and 
fometimes  in  considerable  quantity,  when  thefe  efTays  are 
made,  the  buttons  of  filver  obtained  by  the  efTays  ought  to 
he.  fubjecled  to  the  operation  called  parting.  See  Silver* 
Refining,  Furnace  (Essay),  Muffle,  and  Cv?£l.  (p) 
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(p)  M.  Tillet  has  publifhed  a  memoir,  mewing  that  e/fays  of 
£lver  made  in  the  common  method  are  uncertain  and  not  to  be 
depended  upon,  and  that  this  uncertainty  proceeds  from  the  dif- 
ferent quantities  of  filver  abforbed  by  the  cupel  in  different  effays, 
according  as  the  heat,  and  other  circumflances  happened  to  vary. 
He  therefore  propofes,  in  order  to  render  efTays  accurate,  to 
cxtracl  from  the  cupel  the  quantity  of  filver  it  has  abforbed 
daring  the  operation,  and  to  add  this  particle  of  filver  to  the 
button,  as  thefe  two  contain  the  whole  quantity  of  filver  in  the 
matter  effayed. 

The  variations  in  the  different  refults  of  different  effayers,  or 
of  the  fame  effayer  at  different  times,  upon  the  fame  mafs  of 
:r,  are  fufHcient  proofs  of  the  uncertainty  mentioned  by  M. 
Tillet.  Thefe  variations  are  cccafioned,  according  to  that 
author,  principally  from  the  following  caufes :  i .  From  the  in- 
accuracy of  the  balances  and  weights  employed.  2.  From  the 
faulty  fufion  of  the  mafs  to  be  effayed ;  by  which  means,  the 
contained  alloy  may  be  unequally  diffufed.  3.-  From  the  im- 
purity of  the  lead,  efpecially  from  its  containing  filver,  which  is 
not  always  equally  diffufed  through  its  mafs.  4.  From  the 
different  proportions  of  lead  ufed  by  different  effayers.  5.  From 
the  difference  of  the  intenfity  of  heat ;  for,  if  the  heat  be. not 
fufriciently  intenfe,  the  filver  will  ftill  contain  a  portion  of  alloy.? 
and  if  the  heat  be  too  intenfe,  too  much  of  the  filver  will  be 
imbibed  by  the  cupel.  6.  From  the  want  of  care  in  picking  the 
i'mall  particles  of  filver  which  frequently  adhere  to  the  fides  of 
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ESSAY  of  the  VALUE  of  GOLD,  The  fktitious 
Weights  ufed  to  determine  the  purity  of  gold,  and  to  eflay 
this  metal,  are  different  from  thofe  of  filver.  See  the  precede 
ing  article.  A  mafs  of  gold  perfectly  pure,  or  which  con- 
tains no  alloy,  is  ideally  divided  into  24  parts,  called 
carats ;  this  pure  gold  is  therefore  called  gold  of  24  carats, 

the  cupel  feparately  from  the  principal  button.  7.  From  the 
fpurting  which  fometimes  happens  unobferved  by  the  eflayer, 
and  which  may  further  falfify  the  cfiays  of  other  pieces  included 
under  the  fame  muffle,  by  the  falling  of  the  particles  thrown  out  of 
pne  cupel  into  others  adjacent.  But  with  all  the  attentions  to 
avoid  thefe  caufes  of  error,  the  author  obtained  different  refults 
from  different  effays  of  the  fame  mafs  of  filver.  Nor  could  he, 
by  any  method,  make  his  different  effays  confident  with  each 
other,  but  by  adding  to  each  button  the  particle  extracted  from 
the  cupel ;  and  this  method  he  found  by  accurate  experiments 
to  be  perfectly  exact.  ' 

M.  Tillet  obferved,  that  the  quantity  of  lead  directed  in  the 
regulations  eitablifhed  in  confequence  of  the  report  made  by 
Meffrs.  Macquer,  Hellot  and  Tillet,  is  not  fufiicient  to  purify 
the  filver  perfectly  from  its  alloy.    He  nevcrthelefs  approves  of 
the  faid  regulation,  and  confiders  the  weight  of  the  alloy  retained 
by  the  button,  as  fome  compenfation  for  the  weight  of  the  filver 
abforbed  by  the  cupel.    And  as  it  is  a  conftant  fact,  that  the 
more  lead  is  ufed,  the  greater  is  the  lofs  by  the  abforption  of  the 
cupel,  he  remarks  that  a  regulation  directing  a  larger  proportion 
of  lead  for  France,  than  is  ufed  in  other  countries,  would  be 
difadvantageous  to  that  kingdom,  as  thereby  the  filver  of  the 
fame  denomination  would  be  required  to  be  finer  in  that  than  in 
other  countries  where  a  lefs  proportion  of  lead  was  employed.  He 
obferves  that  the  above-mentioned  rule,  M  that  the  more  lead  is 
ufed,  the  greater  is  the  lofs  by  the  abforption  of  the  cupel," 
does  not  extend  to  quantities  of  lead  much  above  double  the 
ufual  quantities.    Thus  thirty-two  parts  of  lead  to  one  of  filver 
will  not  occafion  more  abforption  than  fixteen  parts  of  lead.  For 
the  refining  fcarcely  takes  place  till  •  the  extraordinary  quantity 
of  lead  be  gone,  and  the  filver  is  only  or  chiefly  carried  into  the 
cupel  along  with  the  copper.    Accordingly,  he  found  that  he 
could  render  the  filver  finer  by  ufing  four  parts  of  lead  at  firfl:, 
and  afterwards  adding  two  more  parts  when  the  irifes  began  to 
appear,  than  by  employing  all  the  fix  parts  of  the  lead  at  once. 
Uy  this  method  of  dividing  the  quantity  of  lead,  the  lofs  of  filver 
by  abforption  was  greater.    M.  fillet  did  not  find,  that  by  em- 
ploying bifmuth  alone  or  mixed  with  lead,  his  eifays  were  more 
certain  than  when  lead  alone  was  ufed.    He  obferved,  however, 
that  the  addition  of  bifmuth  made  the  iilver  purer,  but  occafioned 
a  greater  abforption  by  the  cupel. 


ESSAY 

If  the  mafs  or  ingot  contain  ^  part  of  its  weight  of  alloy, 
the  gold  is  then  of  23  carats ;  and  if  it  contains  -£4  or  TV  of 
alloy,  it  is  gold  of  22  carats,  &c.  Hence  we  fee  that  the 
carat  of  gold  is  only  a  relative  and  proportional  weight,  fo 
that  the  real  weight  of  the  carat  varies  according  to  the  total 
weight  of  the  mafs  of  gold  to  be  examined.  If  this  mafs  of 
gold  weighs  a  mark,  the  real  weight  of  the  carat  will  be 
trV  of  eight  ounces,  which  is  equal  to  a  mark.  If  the  mafs 
weigh  an  ounce,  the  carat  will  be  ^x  part  of  an  ounce,  or 
24  grains.  If  it  is  only  a  penny-weight  or  24  grains,  the 
real  weight  of  a  carat  will  be  one  grain  j  and  fo  on. 

For  greater  accuracy,  the  carat  of  gold  is  divided  into 
32  parts,  which  are  relative  and  proportional  weights,  as 
the  carat  itfelf  is.  Thus  of  a  carat  of  gold  is  /r  of 
or  the  ^rfff  of  any  mafs  of  gold  5  and  the  gold  which  con- 
tains an  alloy  equal  to  the  T|-ff  part  of  the  whole  mafs  is 
called  gold  of  23  carats  and  ->  gold  which  contains  y-f-g  of 
alloy  is  gold  of  23  carats  and  -f£;  and  fo  on. 

The  real  weight  now  generally  ufed  in  the  operation  for 
determining  the  purity  of  gold,  is  fix  grains.  This  weight 
then  represents  24  carats.  The  half  of  this  weight,  or 
three  real  grains,  reprefents  12  carats.  According  to  this 
progreflion,  we  fhall  find  that  I  of  a  real  grain  reprefents 
one  carat,  and  the  parts  of  a  grain  reprefents  the  of 
a  carat,  or  the  y^j  part  of  a  mafs  of  gold  to  be  eflayed. 

As  thefe  weights  are  exceedingly  fmall,  fome  effayers 
employ  a  weight  of  12  grains,  which  muff,  be  very  conve- 
nient. 

When  a  mafs  or  ingot  of  gold  is  to  be  eflayed,  fix  grains 
are  to  be  cut  off,  and  exactly  weighed:  alfo  18  grains  of 
fine  filver  are  to  be  weighed.  Thefe  two  metals  are  to  be 
cupelled  together  with  about  ten  times  as  much  lead  as 
the  weight  of  the  gold.  This  cupellation  is  conducted 
precifely  like  that  of  the  effay  to  determine  the  purity  of 
filver,  excepting  that  the  heat  muft  be  raifed  a  little  more 
towards  the  end  of  the  operation  when  the  eflay  is  going 
to  brighten.  Then  the  gold  is  freed  from  all  alloy  but 
filver.  If  the  quantity  of  copper  or  other  alloy  deftruc- 
tible  by  cupellation  be  required  to  be  known,  the  remaining 
button  is  accurately  weighed.  The  diminution  of  weight 
from  the  fum  of  the  weights  of  the  gold  and  of  the  filver 
determines  the  quantity  of  this  alloy. 

The  button  containing  gold  and  filver  is  then  to  be 
flattened  upon  a  polifhed  piece  of  fteel,  and  care  muft  be 
t,aken  to  anneal  it  from  time  to  time,  to  prevent  its  fplitting 
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»nd  cracking.  By  this  method  it  is  reduced  to  a  thin 
plate,  which  is  to  be  rolled  up,  in  order  to  be  parted  by 
aqua-fortis.  See  the  word  Parting.  The  diminution 
found  after  the  parting  from  the  original  weight  of  the 
gold  eflayed,  mews  the  whole  quantity  of  alloy  contained 
in  that  gold. 

The  eflay  for  determining  the  purity  of  gold  is  then 
made  by  two  operations  :  the  firft,  which  is  cupellation,  de- 
prives it  of  all  its  imperfect  metals  ;  and  the  fecond,  which 
is  parting,  fcparates  all  the  filver  from  it.  By  antimony 
alfo  gold  may  be  purified,  which  is  a  kind  of  dry  part- 
ing. By  this  Tingle  operation,  all  the  imperfect  metals, 
and  filver  with  which  gold  is  allayed,  are  feparated.  See 
Purification  of  Gold  by  Antimony.  See  alfo  Gold, 
Silver,  Refining,  Essay  a/  the  Value  0/ Silver. 

ESSENCES.  EfTential  oils  are  fometimes  called^- 
fences.  Thus  we  fay,  eiTence  of  cinnamon,  of  turpentine, 
&c.  to  denote  the  effential  oils  of  thefe  fubftances.  See 
Oils  (Essential). 

ETHER.  Ether  is  a  white,  tranfparent  liquor,  of  a 
peculiar  and  penetrating  fmell.  Ether  is  very  volatile  :  it 
may  be  entirely  diftilled  without  leaving  any  refiduum,  or 
fuflfering  any  decompofition  or  alteration.  It  is  more  vola- 
tile and  inflammable  than  rectified  fpirit  of  wine.  Its  flame 
refembles  the  flame  of  fpirit  of  wine ;  but  it  is  fenfibly 
much  greater,  whiter,  and  more  luminous.  It  is  alfo  ac- 
companied with  a  flight  fmoke  or  foot,  which  fpirit  of  win* 
is  not. 

Ether  does  not  mix  with  water,  as  fpirit  of  wine  does, 
in  all  proportions;  but  ten  parts  of  water  arc  required  to 
diflblve  one  part  of  ether.  This  liquor  has  alfo  a  power  of 
acting  upon  all  oily  and  fat  fubftances. 

From  thefe  eflential  properties  ether  appears  to  be  a  fub- 
ftance  exactly  intermediate  betwixt  ardent  fpirits  and  oils, 
as  has  been  proved  in  the  elements  of  chemiftry.  See  Spirit 
(Ardent),  and  Oil. 

Ether  has  been  but  lately  known  by  chemifts.  From 
certain  pafTages  indeed  of  fome  old  chemical  books,  we 
may  infer  that  ether  was  not  entirely  unknown  to  their 
authors ;  but  they  have  not  mentioned  it  diftinctly,  nor 
have  they  fufficiently  defcribed  its  properties,  or  the  manner 
of  making  it  :  wherefore  no  attention  was  given  to  it,  till 
the  curiofity  of  chemifts  was  excited  by  a  publication  in 
the  Philofophical  Tranfactions  for  the  year  1730,  by  a 
German  who  calls  himfelf  Frobenius,  (which  however  is 
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fuppo-fed  to  be  a  feigned  name)  in  which  he  relates  the 
experiments  he  had  made  on  that  liquor,  to  which  he  firft 
gave  the  name  ether.  Since  that  time,  many  chemifts 
have  made  experiments  on  this  matter.  At  firft  they  made 
ether  difficultly  and  in  fmall  quantities,  and  at  length 
abundantly  and  eafily  -3  particularly  fince  Mr.  Hellot  com- 
municated to  feveral  artifts  a  procefs  which  he  received  from 
a  foreign  chemift.  This  procefs  has  been  printed  in  the 
Encyclopedia  with  confent  of  Mr.  Hellot. 

Since  that  time,  Mr.  Beaume  has  operated  more  than 
any  other  chemift  on  ether.  He  has  publifhed  the  details 
of  his  experiments  and  refearches,  not  only  upon  ether,  but 
upon  all  the  other  fubftances  produced  from  a  combination  of 
fpirit  of  wine  with  vitriolic  acid.  This  forms  the  completefl: 
treatife  on  this  fubjecl:  which  has  hitherto  been  publifhed. 

Vitriolic  acid  is  not  the  only  acid  from  the  mixture  of 
which  with  fpirit  of  wine  ether  may  be  produced.  The 
nitrous,  marine,  and  acetous  acids  have  alfo  been  found 
capable  of  forming,  with  fpirit  of  wine,  liquors  pofTefTed 
of  all  the  eiTential  properties  of  ether ;  but  differing  from 
ether,  properly  fo  called,  or  vitriolic  ether,  by  properties 
peculiar  to  each.  We  fhail  fpeak  fucceflively  of  thefe  dif- 
ferent ethers,  beginning  with  the  vitriolic,  called  limply 
ether,  becaufe  it  is  the  chief  one  and  the  firft  difcovered. 
The  following  procefs  for  making  this  ether,  which  is  the 
beft  hitherto  publifhed,  is  extracted  from  Mr.  Beaume's 
diflertation. 

Put  two  pounds  of  perfectly  rectified  fpirit  of  wine  into 
a  glafs  retort,  and  pour  upon  it  at  once  two  pounds  of  well 
concentrated  vitriolic  acid. 

This  acid  being  much  heavier  than  the  fpirit  of  wine, 
fmks  directly  to  the  bottom,  and  does  not  mix  with  the  fpirit 
of  wine.  Shake  the  retort  gently,  and  repeatedly,  that  the 
two  liquors  may  mix.  The  mixture  will  boil,  and  become 
very  hot.  Vapors  will  ifTue  from  it  with  a  loud  hiffing  noife, 
and  a  fweet  penetrating  fmell.  The  mixture  will  then  af- 
fume  a  yellow-reddifh  color.  Place  the  retort  in  a  fand- 
bath,  warmed  by  degrees  to  the  fame  heat  with  itfelf.  Lute 
to  it  a  receiver/  in  the  fide  of  which  is  a  fmall  hole,  and 
diftill  the  mixture  by  a  heat  fufficiently  intenfe  to  make  it 
quickly  boil  and  to  keep  it  boiling.  At  firft  a  very  fweet 
fpirit  of  wine  will  pafs  into  the  receiver,  after  which  the 
ether  will  come,  which  may  be  diftinguifhed  by  ftriae  form- 
ed on  the  upper  part  and  neck  of  the  retort.  Continue 
the  diftillatioa  with  the  fame  degree  of  fire,  and  from  time 
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to  time  unftop  the  fmall  hole  of  the  receiver,  till  you  per- 
ceive, upon  applying  your  nofe  near  this  fmall  hole,  a  fuf- 
focating  fmell  of  volatile  fulphureous  acid.  Then  the  re- 
ceiver ought  to  be  unluted ;  and  the  contained  liquor^ 
which  will  be  nearly  eighteen  ounces,  muft  be  quickly 
poured  into  a  glafs  bottle,  which  ought  to  be  well  flopped* 
This  liquor  is  a  mixture  of  a  very  dephlegmated  part  of 
the  fpirit  of  wine,  of  a  fweet  penetrating  fmell,  which 
pafles  at  firft ;  of  ether,  which  was  formed  during  the 
diftillation  ;  of  a  little  oil  ;  and  fometimes  alfo  of  a  fmali 
quantity  of  fulphureous  acid;  both  which  fubftances  pafe 
frequently  with  the  laft  portions  of  the  ether,  particularly 
if  the  diftillation  has  been  too  long  continued.  To  fepa- 
rate  the  ether  from  thcfe  other  fubftances,  put  the  whole 
mixture  into  a  glafs  retort,  with  a  little  deliquiated  fixed 
alkali,  to  abforb  and  retain  the  fulphureous  acid,  and  diftill 
very  flowly  in  afand-bath,  with  a  very  gentle  lamp  heat,  till 
you  have  made  one  half  of  the  liquor  pafs  over.  The  liquor 
that  rifes  in  this  diftillation,  called  alfo  rettification%  is  ether. 

Before  the  Count  de  Lauraguais  had  difcovered  that  ether 
was  mifcible  with  water  in  a  certain  proportion,  the  cuftoira 
was  to  put  the  ether  after  this- diftillation  into  a  phial  with 
diftilled  water,  and  to  make  together  thefe  two  liquors- 
The  ether  rofe  quickly  to  the  furface,  and  floated  on  the 
water ;  from  which  it  might  be  feparated  by  a  funnel,  as  oil 
may  from  water,  and  obtained  unmixed.  But  this  is  evident- 
ly bad  management :  for  in  the  firft  place,  the  water  thus 
mixed  diftblves  about  one  tenth  part  of  its  weight  of  ether 
before  it  is  faturated,  all  which  is  loft;  and  in  the  fecond 
place,  for  the  lame  reafon  that  water  diftblves  fome  ether, 
the  ether  alfo  diftblves  a  certain  quantity  of  water,  by  which 
it  is  weakened,  and  its  properties  altered,  as  Mr.  Beaurrie 
has  obferved. 

The  production  of  ether  is  one  of  the  moft  beautiful  and 
inftructive  phenomena  of  chemiftry.  Spirit  of  wine,  which 
is  at  once  inflammable,  and  mifcible  with  water  in  all  pro- 
portions, differs  from  any  oil  by  containing  a  more  con- 
fiderable  quantity  of  water,  which  enters  its  compofition  as 
a  principal  or  conftituent  part.  This  being  eftablifhed,  if 
we  deprive  fpirit  of  wine  of  part  of  that  aqueous  principle 
by  which  it  differs  from  oils,  it  ought  to  affume  the  cha- 
racter of  oil,  and  to  approach  fo  much  more  to  an  oily 
nature,  as  it  has  been  deprived  of  a  greater  quantity  of  the 
watery  principle  which  conftitutes  it  fpirit  of  wine,  and 
by  which  it  differs  from  oil.    But  this  is  precifely  what 
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happens  to  it  in  the  production  of  ether,  and  in  the  ana-> 
lyiis  of  the  remaining  mixture  after  the  formation  of  ether, 
-Concentrated  vitriolic  acid  having  a  power  of  attracting 
water  ftrongly,  does,  when  mixed  with  fpirit  of  wine,  ac- 
cordingly at  nrft  unite  with  the  water  which  the  fpirit  of 
wine  may  contain  fuperabundantly :  and  its  action  would 
not  extend  farther,  and  it  would  not  feparate  the  watery 
principle  from  the  fpirit  of  wine,  if  a  heat  were  not  appli- 
ed fumcient  for  diltiilatiqn  ;  for  ether  cannot  be  obtained 
from  this  mixture  but  by  diftillation.  But  when  by  the  dift.il- 
ling  heat  the  power  of  the^vitriolic  acid  to  attract  water  is 
encreafed,  that  acid  then  becomes  capable  of  feparating 
the  watery  principle  of  the  fpirit  of  wine  and  of  uniting 
with  it. 

As  this  is  done  gradually,  fo  the  fpirit  of  wine  which  rife* 
in  diftillation  ought  to  be  more  and  more  changed  by  the 
action  of  the  vitriolic  acid. 

This  accordingly  happens  ;  and  very  diftinctly.  The 
firfc  liquor  which  rifes  in  this  diftillation  is  a  portion  of 
fpirit  of  wine,  very  volatile,  penetrating,  and  dephicgmated ; 
but  which  has  not  been  deprived  of  its  watery  principle, 
and  therefore  retains  the  eflential  properties  of  fpirit  of 
wine. 

The  liquor  which  rifes  next  is  fpirit  of  wine,  deprived 
of  part  of  its  watery  principle  by  vitriolic  acid.  It  confe- 
quer.tly  is  fpirit  of  wine  enentially  altered,  and  approximat- 
ed to  the  nature  of  oil,  in  proportion  to  the  quantity  of 
watery  principle  which  it  has  loft.  This  is  ether,  which 
differs  from  fpirit  of  wine  in  being  no  longer  mifcible  with 
water  in  all  proportions,  and  in  emitting  a  whiter  and  more 
brilliant  flame,  accompanied  with  fome  fuliginous  fmoke. 

Thefe  properties  by  which  ether  differs  from  fpirit  of 
wine  characterize  fo  well  its  oily  nature,  that  moft  chemifts 
confider  this  liquor  as  a  very  volatile  oil.  It  feems,  how- 
ever, to  be  rather  an  intermediate  fubftance  betwixt  oil  and 
fpirit  of  wine.  The  folubility  of  ether  by  water  makes  us 
chiefly  confider  it  in  this  light;  for  what  oil,  properly  fo 
called,  can  be  difiblved  by  water  as  ether  can  ? 

If  the  diftillation  of  the  mixture  be  continued  after  the 
ether  has  rifen,  the  vitriolic  acid,  ftill  continuing  its  action 
upon  the  fpirit  of  wine  already  altered,  takes  at  length  from 
it  all  the  watery  principle  by  which  it  differs  from  a  true 
oil,  and  hence  ought  to  leave  it  in  the  fiate  of  oil.  Ac- 
cordingly, after  the  ether  has  palled  over  in  diftillation,  an 
ell  rifes  which  wants  none  of  the  eftemial  properties  of 
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true  oil,  as  it  is  not  mifcible  with  water,  burns  with  a  jfu" 
liginous  fmoke,  leaves  a  refinous  coal,  &c.  This  oil,  thus 
created  in  fome  meafure  during  the  operation,  is  known 
by  the  name  improperly  given  to  it,  of  Sweet  Oil  of  Vi- 
triol. 

P>om  all  this  we  might  infer,  that  if  ether  ready  prepared 
were  mixed  and  diftilled  with  concentrated  vitriolic  acid,  it 
ought  to  be  changed  and  transformed  into  fweet  oil  of  vi- 
triol. Accordingly  Mr.  Beaume  obferved,  that  this  did 
happen  in  an  experiment  he  made,  an  account  of  which  is 
given  in  his  Differtation  on  Ether. 

When  the  fweet  oil  of  vitriol  is  diftilling,  the  vitriolic 
acid  acts  alfo  upon  the  phlogifton  of  the  remaining  part 
of  the  fpirit  of  wine,  and  unites  with  one  part  of  the 
inflammable  principle.  Hence  we  may  fee  at  the  fame 
time  much  fulphureous,  volatile,  fufFocating  acid  pafs  in 
difKllation.  But  as  the  vitriolic  acid  which  forms  it  then 
becomes  charged  with  all  the  water  which  it  has  taken  from 
the  fpirit  of  wine,  this  firft  fulphureous  acid,  although  very 
quick  and  penetrating,  is  very  aqueous,  and  has  not  much 
acidity. 

•By  continuing  this  difKllation,  with  a  graduated  fire,  to 
perfect  drynefs,  more  of  this  fulphureous  acid  is  railed, 
which  becomes  more  and  more  acid  ;  fometimes  alfo  a  little 
concrete  fulphur  is  fublimed  to  the  neck  of  the  retort  to- 
wards the  end  of  the  diftillation,  and  a  fixed  coal  remains, 
as  we  ought  to  fuppofe  ;  for  the  fame  fubftances  are  obtain- 
ed by  diftilling  to  drynefs  a  mixture  of  any  oil  with  con- 
centrated vitriolic  acid.    See  Oil. 

From  all  that  has  been  faid  concerning  the  nature  and 
properties  of  ether  we  may  conclude,  that  this  fubftance 
is  nothing  elfe  than  fpirit  of  wine  deprived  by  vitriolic 
acid  of  a  part  of  its  aqueous  principle,  and  thereby  approxi- 
mated to  the  nature  of  oil.  Some  chemifts  believe  that 
vitriolic  acid  is  a  conftituent  part  of  ether.  This  opinion, 
although  it  is  not  demonftrated,  is  not  however  deftitute  of 
probability,  and  deferves  to  be  examined  by  experiments. 
For,  on  one  fide,  a  more  copious  and  diftinct.  acid  is  con- 
tained in  all  oils  than  in  fpirit  of  winej  and  on  the  other 
fide,  the  particular  properties  by  which  ethers  formed  by 
the  nitrous,  marine,  and  acetous  acids  differ  from  vitriolic 
ether,  feem  to  be  owing  to  adhering  portions  of  the  a^ids 
with  which  thefe  ethers  are  prepared.  This  queftion  re- 
quires a  particular  examination. 
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Ether  is  not  employed  in  the  arts,  although  it  appears 
capable  of  being  ufefully  employed  in  many  cafes,  and  par- 
ticularly in  the  folution  of  certain  concrete  oily  matters  for 
the  preparation  of  varnifhes  ;  but  its  high  price  prevents  its 
introduction  into  the  arts. 

As  ether  is  the  moft  volatile  and  evaporable  of  all  known 
liquors,  and  as  in  general  liquors  produce  a  degree  of  cold 
proportionable  to  the  quicknefs  of  their  evaporation,  as 
Mr.  Beaume  difcovered,  and  feveral  others  have  obferved  ; 
therefore  a  very  great  degree  of  artificial  cold  may  be  pro- 
duced by  means  of  ether.  Mr.  Beaume  has  funk  the  mer- 
cury of  Reaumur's  thermometer  to  40  degrees  below  the 
freezing  point,  by  applying  linens  foaked  in  ether  to  the 
ball  containing  the  mercury ;  and  he  makes  this  fine  expe- 
riment every  year  in  his  courfe  of  chemiftry  conjointly  with 
Mr.  Macquer.    (q ) 

Ether,  like  all  thin  and  volatile  oily  matters,  has  the 
property  of  taking  gold  from  aqua  regia  ;  but  as  it  is  more 
fubtle  than  any  other  of  thefe  matters,  it  produces  this 
effect:  better.  For  this  purpofe,  ether  ought  to  be  poured 
upon  a  folution  of  gold  in  aqua  regia,  and  the  two  liquors 
mixed  together  by  fhaking  the  containing  phial.  When 
this  mixture  is  left  to  reft,  the  ether  foon  difengages  itfelf 
from  the  aqua  regia,  and  floats  on  the  furface  of  the  acid 
liquor,  which  being  deprived  of  its  gold  is  rendered  white, 
while  the  ether  has  now  acquired  a  yellow  color  from  the 
gold  it  contains.  This  is  an  expeditious  method  of  making 
a  tincture  of  gold,  or  portable  gold.  We  ought  to  obferve 
that  the  gold  which  thus  pafTes  into  the  ether  ftill  retains  a 
certain  quantity  of  aqua  regia. 

Ether  is  employed  in  medicine.  As  a  very  thin  and  vo- 
latile inflammable  matter,  it  acts  powerfully  on  the  nervous 
fyftem,  like  all  the  matters  of  this  kind.  Frederic  Hoffman 
was  one  of  the  firft  who  employed  it  as  a  fedative  and  aii- 
tifpafmodic.  The  famous  mineral  anodyne  liquor  of  this 
phyfician  is  nothing  elfe  than  fpirit  of  wine,  in  which  are 

(q)  Mr.  Amonftons,  in  a  Memoir  of  the  Academy  of  Paris, 
(1699)  and  more  particularly,  M.  Richrnan,  in  a  Memoir  of  the 
Academy  of  Peterfburg,  (  1747)  have  obferved  that  cold  was  pro- 
duced by  evaporating  fluids.  Dr.  Cullen  difcovered,  that  the 
cold  thus  produced  by  evaporating  fluids  was  confidently  greater 
in  vacuo  than  in  air.  See  EJ/'ays  Pbyft  &  Lifer.  Edinburgh,  vol. 
2,  1756. 
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diiTotved  fome  ether  and  fweet  oil  of  vitriol.  It  owes  all  its 
medicinal  virtues  to  the  ether. 

Since  ether  has  become  more  common  and  better  known, 
rhany  phyficians  prefcribe  it  fingly,  in  the  dofe  of  feven  or 
eight  drops  upon  a  bit  of  fugar,  which  is  to  be  eat,  or  to 
be  diflblved  in  fome  proper  liquor  and  drank.  It  is, given  in 
flatulent  colics,  obftinate  hiccups,  convulfive,  hyfterical 
affections,  and  other  diforders  of  this  kind.  It  certainly 
produces  frequently  excellent  effects  ;  but,  like  all  other 
aritifpafmodic  remedies,  it  fometimes  produces  none. 

Several  perfons  have  affirmed,  that  ether  applied  exter- 
nally to  the  back  of  the  neck,  or  to  the  temples,  diffipated 
ihltantaneoufly,  and  as  it  were  by  enchantment,  head-achs 
and  meagrims.  I  have  tried  it  in  all  dofes  upon  myfelf  for 
thefe  diforders,  but  without  fuccefs  ;  but  we  cannot  from 
thence  infer  that  it  may  not  have  better  effects  upon  other 
perfons.  (r) 

ETHER  (ACETOUS).  Since  the  difcovery  of  the 
ether  defcribed  in  the  preceding  article,  chemifts  have  en- 
deavoured to  obtain  fuch  a  liquor  from  fpirit  of  wine  by 
means  of  other  acids  j  and  accordingly  they  produced  it  fiiit 
by  means  of  the  nitrous  acid,  then  by  the  acetous,  and 
laftly,  by  the  marine.  We  fhall  fpeak  fucceffively  of  thefe 
fevcral  ethers. 

The  difcovery  of  the  production  of  ether  by  the  acetous 
acid  was  made  by  the  Count  de  Lauraguais.  This  ether  is 
made  by  mixing  together  equal  parts  of  rectified  fpirit  of 
wine,  and  concentrated  acid  of  vinegar  obtained  by  diftil- 
ling  cryftals  of  copper,  called  the  Spirit  of  Venus,  or  radi- 
cal vinegar.  This  mixture  is  to  be  diftilled  in  the  manner 
directed  for  vitriolic  ether,  and  a  conftderable  quantity  of 
a  liquor  is  obtained,  which  is  poffefTed  of  the  eftential 
qualities  of  ether,  as  defcribed  in  the  former  article,  but 
which  has  alfo  fome  of  the  acidity  and  peculiar  fmell  of 
radical  vinegar. 

When  this  ether  is  mixed  with  liquid  fixed  alkali,  and 
again  diftilled,  or  rectified  by  a  lamp  heat,  an  acetous 
ether  is  obtained,  free  from  fuperabundant  acid,  and  much 

(r)  Eth^r  diiToIves  all  efTential  and  exprefTed  oils,  animal 
empyreumatic  oil,  refins,  and  almoft  entirely  ambergrife.  It 
diiTolves  difficultly  petroleum  and  oil  of  amber.  It  precipi- 
tates regulus  of  antimony  from  aqua  regia,  and  filver  from  ni- 
trous acid.  It  takes  fpots  of  greafe  from  iilks  without  affecting 
their  colors. 
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lik&r  to  true  ether.  It  retains,  however,  the  fmell,  not 
of  the  acid,  but  of  the  inflammable  part  of  vinegar. 

We  obferve,  that  by  this  procefs  a  greater  quantity  of 
ether  is  obtained  than  by  tliftillation  with  vitriolic  acid, 
which  mews  that  the  acid  of  vinegar  is  elTentiaU'y  fitter  to 
produce  ether  than  the  vitriolic  acid.  This  difference  muff, 
undoubtedly  be  attributed  to  the  great  quantity  of  ardent 
fpirit,  which  is  one  of  the  principles  of  the  acid  of  vine- 
gar, and  which  perhaps  already  approaches  the  ftate  of 
ether.    See  Vinegar  (Radical). 

As  this  difcovery  has  been  but  lately  madey  the  proper- 
ties of  the  acetous  ether,  and  the  phenomena  which  its 
refiduum  may  afford,  have  not  yet  been  fufficiently  exa- 
mined. 

ETHER  (MARINE),  The  difcovery  of  the  true 
procefs  for  making  ether  by  means  of  the  marine  acid,  is 
the  lateft  which  has  been  made  on  this  fubjecf.  The 
Marquis  ce  Courtanvaux  has  communicated  his  procefs  to 
the  Academy  of  Sciences. 

The  difficulty  with  which  marine  acid  unites  in  general 
With  inflammable  fubftanees  has  retarded  the  difcovery  of 
marine  ether ;  for  no  ether  can  be  obtained  by  treating  the 
moft  concentrated  marine  acid  with  fpirit  of  wine  in  the 
ordinary  method,  by  which  the  other  ethers  are  procured. 
Able  artifts,  and  particularly  Mr.  Rouelle  and  Mr.  Beaume", 
had  attempted  unfuccefsfully  to  procure  ether  by  diftilling 
fmoking  marine  acid  with  fpirit  of  wine.  Mr.  Beaumer 
indeed,  in  his  DifTertation  concerning  Ether,  has  given  a 
procefs,  by  which  he  affirms,  that  he  had  obtained  a  fmall 
quantity  of  marine  ether.  This  procefs  conlifts  in  making 
the  fumes  of  the  marine  acid  and  of  the  fpirit  of  wine 
meet  together  in  the  fame  receiver.  But  the  quantity  of 
ether  obtained  by  this  method  was  very  fmalL  The  procefs 
alfo  is  troublefome,  and  even  imperfecl:,  as  Mr.  Beaume 
himfelf  declares  he  would  not  have  publifhed  it  in  that 
imperfecl:  ftate,  but  becaufe  the  poffibility  of  the  facl  had 
been  denied.  What  he  fays  may  be  feen  in  his  DifTertation 
on  Ether,  (s) 

Others- 

(j)  The  method" employed  by  Mr.  Feaume  for  obtaining  a 
marine  ether,  namely,  by  making  the  vapors  of  fpirit"  of  wine 
and  thole- of  the  marine  acid  meet  and  unite  together  in  the  fame 
receiver,  although  it  did  not  fucceed  well  with  him,  has  been  fuccefs- 
fully attempted  by  Mr.Woulfe.  This  ingenious  Chcmift  condenfed 
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Others,  and  particularly  German  chemifts,  had  attempted 
io  employ  for  this  purpofe  a  marine  acid  which  was  united 
with  a  metallic  fubltance,  fuch  as  the  butter  of  antimony, 
and  had  obferved  the  fingular  phenomena  which  happened 
in  thefe  mixtures.  The  Marquis  de  Courtanvaux  has 
perfectly  fuccecded  by  employing  the  fmoking  fpirit  of 
Libavius,  which  is  a  highly  concentrated  marine  acid, 
obtained  from  conofive  fublimate  by  tin,  and  impregnated 
with  a  confiderable  quantity  of  this  metaj. 

This 

the  united  vapors  of  the  fpirit  of  wine  and  of  the  marine  acid, 
by  making  them  pafs  from  the  receiver,  through  a  tube,  into 
fpirit  of  wine  contained  in  a  bottle,  and  thoft;  which  were  not 
thus  condenfed  through  another  tube  into  more  fpirit  of  wine 
contained  in  another  bottle.  By  diftilling  and  cohobating  with 
flaked  lime  the  liquors  in  the  receiver  and  in  the  two  abovje- 
mentioned  bottles,  he  obtained  a  very  fubtle  and  penetrating 
ether,  which  upon  being  mixed  with  water  caufed  a  violent  ebul- 
lition, although  it  was  perfectly  free  from  any  acid.  See  a  de- 
fcription  of  the  apparatus  employed  by  Mr.  Woulfe,  and  many 
curious  particulars  concerning  diltillation,  in  the  Phi!.  Tranf. 
Vol.;;. 

Mr.  le  Baron  de  Bortnes  has  publifhed  in  the  Memcires  des 
S$a<vans  Etrangeres,  Tom.  6.  the  following  procefs  for  making  a 
marine  ether  by  means  of  zinc  ;  by  which  method  a  greater  pro- 
duce of  ether  may  be  obtained,  and  with  lefs  trouble,  than  in 
any  other  manner  before  difcovered. 

PROCESS   of   MARINE  ETHER. 

"  Take  twelve  pounds  of  ordinary  fpirit  of  fait,  diiHIlcd  a  fer 
cond  time  over  more  fait,  in  order  to  render  it  more  pure  and 
free  from  all  vitriolic  parts.  Saturate  this  acid  with  flowers  of 
zinc,  and  digeli  it  during  24  hours,  taking  care  not  to  add  any 
more  flowers  of  zinc  till  the  former  be  diflblved,  and  the  efFer- 
vefcence  finilhed.  Filtrate  this  folution,  and  fill  4-  of  a  glafs  retort 
with  it.  Set  the  retort  in  a  fand-bath,  and  diilil  by  a  very  gentle 
heat,  and  draw  over  all  the  phlegm  that  will  come.  It  "is  not 
neceflary  to  lute  the  yjflels,  for  all  that  partes  is  only  phlegir, 
the  acid  being  obftinately  retained  by  the  flowers  of  zinc.  This 
firil  operation  is  only  intended  to  concentrate  the  marine  acid. 

"  When  your  folution  becomes  thick,  tranfparent,  and  of  a  deep 
golden  color,  let  the  fire  ceafe,  and  the  veflels  cool.  The  folu- 
tion will  be  then  reduced  to  a  quarter  of  its  former  bulk.  When 
it  cools,  your  liquor  will  fix  and  have  the  appearance  of  greafe. 
Add  to  it,  when  cold,  fix  pounds  of  very  pure  and  well  dephleg- 
mated  fpirit  of  wine,  by  degrees,  and  at  the  fame  time,  keep 
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This  fmoking  liquor,  mixed  with  an  equal  part  of  fpntt 
of  wine,  and  dilrilled  together,  eafily  produces  a  confir 
derable  quantity  of  a  liquor  pofleffed  of  all  the  eflential 
properties  of  ether,  and  which  may  be  confidered  as  a  true 
marine  ether.  The  tin  contained  in  the  fpjrit  of  Libavius 
is  feparated  and  precipitated  in  form  of  a  white  powder. 
This  ether,  like  the  others,  muff,  be  reclined  to  be  obtained 
in  its  greateft  purity.  Some  reflections  concerning  its 
nature  will  be  found  at  the  end  of  the  following  article. 

ETHER 

ihaking  the  retort.  The  matters  during  their  folution,  will  be- 
come very  hot.  When  the  retort  is  become  fo  hot  that  there  re- 
mains no  danger  of  its  breaking,  add  the  reft  of  your  fpirit  of 
wine.  Replace  your  retort  in  the  fand-bath,  previoufly  heated 
nearly  to  the  temperature  of  the  retort,  and  leave  it  to  digeft 
during  eight  days,  or  till  all  the  matter  be  diffolved,  excepting 
a- powder  which  depofics,  and  is  of  no  ufe  in  the  operation. 
Then  filtrate  all  the  liquor,  and  put  it  again  into  a  dry  clean  re- 
tort. Set  the  retort  in  a  fand-bath,  and  fit  to  it  a  receiver  fuffi- 
ciently  large  for  the  circulation  of  the  fpirits,  but  do  not  lute 
the  joinings  of  the  veffels,  for  however  well  your  fpirit  of  wine 
has  been  rectified,  you  will  draw  over  half  the  quantity  of 
phlegm. 

"  Begin  your  diftillation  by  a  very  gentle  heat,  which  you  may 
gradually  augment  till  the  liquor  boils  a  little.  The  phlegm,  I 
fay,  will  pafs  firft. 

"  When  you  begin  to  fee  ftriae  in  the  neck  of  the  retort,  and  to 
perceive  an  agreeable  fmell  fpread  over  the  laboratory,  throw 
away  the  phlegm,"  and  replace  the  receiver.  Lute  carefully  the 
joints,  and  continue  the  fame  heat  till  all  the  aromatic  fpirit  of 
wine  has  pa/Ted.  At  this  time  the  matter  in  the  retort  will  have 
become  thick  and  like  melted  wax.  Now  the  ether  will  be 
formed  and  begin  to  pafs.  The  fame  heat  is  to  be  continued  till 
the  matter  in  the  retort  be  dry,  when  the  heat  ought  to  be  en- 
creafed,  that  the  faveet  oil,  which  is  like  a  fine  effence  of  citron, 
may  pafs.  This  oil  will  fwim  upon  the  Ether,  and  the  diftilla- 
tion is  to  be  continued  till  no  more  of  it  paries. 

«£  We  may  obferve,  that  if  the  fire  be  raifed  too  much  before  the 
matter  is  reduced  to  a  dry  mafs,  it  will  fwell,  and  fall  back 
again  into  the  receiver,  which  would  make  the  operation  fail. 

**  When  no  more  can  be  difiilled,  let  all  cool  ;  and  when  the 
retort  is  but  juit  warm,  unlute  the  receiver,  feparate  the  liquor 
from  the  fweet  oil  by  means  of  a  funnel  or  feparating  glafs,  and 
fet  them  apart  in  bottles  well  ftoppered. 

«.*  When  you  would  have  the  ether  pure,  take  the  clear  liquor, 
and  diftil  it  with  the  moft  gentle  heat  of  a  lamp.  'J  ake  the  aro» 
matic  fpirit  of  wine  that  remains  after  drawing  off  the  ether, 

and 
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ETHER; (NITROUS).  This  ether  is  obtained  by 
mixing  nitrous  acid  with  fpirit  of  wine,  but  with  peculiar 
circumftances. 

In  the  writings  of  ancient  chemifts  traces  of  the  nitrous 
as  well  as  of  the  other  ethers  may  be  found  ;  but  thefe 
traces  are  neither  clear  nor  precife.  The  flrft  perfon  who 
publifhed  a  fatisfactory  account  of  this  liquor,  and  who 
fhevved  the  true  method  of  obtaining  it,  was  Mr.  Navier, 
a  Phyfician,  at  Chalons-fur-Marne,  and  Correfpondent 
of  the  Academy  of  Sciences.    His  procefs,  which  he  com- 

and  pour  it  back  on  the  reficluum  in  the  retort,  which  ought  to 
have  been  carefully  flopped  to  prevent  its  attracting  the  moifture 
of  the  air,  which  it  docs  moft  powerfully.  Proceed  as  you  did  be- 
fore, and  you  will  obtain  more  fweet  oil,  ether,  and  aromatic 
fpirit  of  wine.  This  may  be  repeated  till  almoir.  the  whole  of 
your  aromatic  fpirit  be  converted  into  fweet  oil  and  into  ether. 
The  number  of  thefe  repetitions  cannot  be  determined  in  order 
to  obtain  the  whole  of  the  fweet  oil  and  ether,  as  it  depends 
much  on  the  preparation  of  the  flowers  of  zinc,  on  the  quality 
of  the  fpirit  of  fait  and  of  the  fpirit  of  wine,  and  on  the  manner 
of  conducting  the  operation.  However,  we  may  fay,  that  if  thefe 
circumftances  be  proper,  a  good  operator  will  obtain  at  leaf!  two 
pounds  of  ether  and  four  ounces  of  fweet  oil. 

"  This  marine  ether  appears  to  me  to  be  more  penetrating  and 
fragrant  than  the  vitriolic  ;  and  the  fweet  oil  is  equal  if  not  fu- 
perior  to  all  aromatic  efiences  either  in  fmell  or  fubtlety.  I  be- 
lieve that  this  is  the  true  efTential  oil  of  wine,  as  much  purified  as 
it  can  be. 

**  In  this  operation  no  fulphureous  fpirit  is  obtained,  as  when 
the  vitriolic  acid  is  employed.  This  circumftance  is  very  advan- 
tageous, and  contributes  to  the  obtaining  a  larger  quantity  of 
ether  and  fweet  oil. 

"  Our  ether  does  not,  I  believe,  require  to  be  rectified  over  fixed 
alkali,  as  is  commonly  done  with  vitriolic  ether,  in  order  to 
cleanfe  it  from  any  fuperabundant  acid. 

"  This  ether  may  be  warned  in  water,  on  the  furface  of  whieh 
it  fwims,  while  a  white  matter  is  precipitated.  It  precipitates  a 
folution  of  filver  into  luna  cornea  ;  which  fhews  its  origin. 

"  Laftly,  it  is  a  very  fingular  and  furprifing  fact,  that  the  fame 
mafs  which  remains  dry  at  the  bottom  of  the  retort,  and  which 
ferved  to  make  the  ether,  may  be  employed,  again  and  again, 
without  end,  for  the  fame  purpofe,  and  without  addition  of  more 
flowers  of  zinc.  For,  by  re-difTolving  this  mafs  in  fpirit  of  fait, 
and  by  nitrating,  and  re-diftilling  with  fpirit  of  wine,  as  was 
done  the  flrft  time,  more  and  more  ether  will  be  obtained,  and 
th«  jnafjj  will  never  lofe  its  concentrative  power." 
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municatcd  to  the  Academy  in  1742,  is  very  fimple,  as  it 
confifts  only  in  mixing  together  fpirit  of  wine  and  fpirit 
of  nitre  in  a  bottle,  which  is  to  be  exactly  clofed,  and 
left  at  reft,  till  the  ether  is  formed  and  collected  like 
an  oil  upon  the  furface  of  the  liquor.  This  ether  is  made, 
as  we  fee,  without  diftillation. 

Since  Mr.  Navier  has  publimed  his  difcovery,  other 
chemifts  have  endeavoured  to  improve  the  procefs.  A  very 
good  procefs  is  publimed  in  the  Encyclopedia,  which  is 
attributed  to  Mr.  Rouelle.  Mr.  Beaume  alfo  has  publimed 
one  in  his  Diflertation  on  Ether,  which  is  very  accurate, 
and  is  the  refult  of  many  trials  and  refearches.  Mr. 
Beaume's  procefs  is  as  follows. 

Put  fix  ounces  of  rectified  fpirit  of  wine  into  a  bottle 
made  of  ftrong  and  thick  glafs,  large  enough  to  contain  a 
pound  of  water.  Place  this  bottle  in  a  bucket  of  frefh 
water,  which  will  be  ftill  better  for  the  purpofe,  if  it  has 
been  rendered  colder  by  throwing  into  it  two  or  three 
pounds  of  ice,  in  fmall  bits.  Pour  upon  the  fpirit  of 
wine,  at  four  or  five  times,  four  ounces  of  fmoking  fpirit 
of  nitre,  fo  concentrated,  that  a  phial,  capable  of  contain- 
ing an  ounce  only  of  water,  fhall  be  capable  of  containing 
an  ounce  and  a  half  of  this  fpirit  of  nitre  :  obferving, 
during  the  whole  time  of  pouring  the  fpirit  of  nitre,  that 
the  fpirit  of  wine  be  kept  in  a  ftate  of  perpetual  rota- 
tion. As  foon  as  the  two  liquors  are  mixed,  ftop  the 
bottle  quickly  with  a  good  cork,  which  muff,  be  driven 
firmly  into  the  neck  of  the  bottle,  and  covered  and  fattened 
with  a  piece  of  leather  doubled,  and  bound  with  pack- 
thread. Leave  it  at  reft- in  the  cold  water,  which  ought  to 
be  fometimes  renewed. 

Two  or  three  hours  afterwards,  the  liquor  lofes  fome  of 
its  tranfparency  by  the  interpofition  of  many  fmall  drops  of 
ether,  which  are  difengaged  throughout  the  liquor.  This 
ether  gradually  collects  and  floats  upon  the  furface.  With- 
in twenty-four  hours  the  mixture  will  have  become  clear  ; 
and  the  ether  formed,  which  will  be  about  two  ounces, 
may  be  feparated.  But  as  more  ether  will  ftill  be  produced, 
the  method  is  to  leave  it  feven  or  eight  days  before  any  of 
it  be  feparated.  After  this  time  no  more  ether  is  formed. 
Pierce  then  the  cork  with  a  pointed  inftrument ;  and  a 
confiderable  quantity  of  air  will  efcape  with  a  hifting  noife, 
which  had  difengaged  itfelf  during  the  production  of  the 
ether,  and  which  is  compreffed  in  the  bottle.  When 
the  air  has  efcaped,  uncork  the  bottle,  and  pour  quickly 
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its  contents  into  a  glafs  funnel,  that  the  ether  may  be 
feparated. 

The  ether  will  amount  to  about  four  ounces,  and  the 
refiduum  will  weigh  five  ounces  and  a  half ;  fo  that  half  an 
ounce  fliall  have  been  loft  during  the  procefs.  This 
ether  ought  to  be  put  into  a  well  clofed  cryftal -glafs 
bottle,  (t) 

>  Nitrous  ether  in  this  ftate  has  a  fmell  like  that  of  the 
vitriolic  ether,  but  fomewhat  ftronger  and  lefs  agree- 
able. It  has  a  light  citron  color;  and  as  foon  as  the  bottle 
which  contains  it  is  uncorked,  it  bubbles  and  efFervefces. 
When  the  ftopper  is  put  in  loofely  into  the  neck  of  the 
bottle,  it  may  be  obferved  to  rife  and  fall  alternately,  which 
appearance  is  occafioned  by  vapors  cfcaping  from  the  ether. 
The  caufe  of  thefe  phenomena  is  a  confiderable  quantity  of 
air  which  remains  interpofed  betwixt  the  parts  of  ether  ;  for 
when  all  this  air  has  been  once  difen^ajred  from  the  ether, 
thefe  phenomena  do  not  happen. 

Nitrous  ether  is  not,  in  this  ftate,  pure;  as  it  retains 
fome  of  the  acid  employed,  from  which  it  may  be  purified 
by  mixing  it  with  fome  fixed  alkali,  and  rectifying  it 
with  a  lamp-heat.  In  this  rectification,  it  fuffers  a  lofs  of 
nearly  one  half  its  quantity. 

The  properties  of  this  rectified  nitrous  ether  are,  that  it 
burns  with  a  more  luminous  flame  than  the  flame  of  vitriolic 
ether;  that  this  flame-is  accompanied  with  a  more  fenllble 
quantity  of  foot ;  that  after  the  ether  is  burnt,  a  refiduum 

(t)  Mr.  Woulfe  defcribes  an  apparatus  by  which  nitrous  ether 
jnay  be  expeditioufly  obtained  by  diftillation  with  the  heat  only 
occafioned  by  mixing  together  the  nitrous  acid  and  the  fpirit  of 
wine.  This  diiiillation  is  performed  in  a  matrafs  with  a  high 
neck,  to  which  is  fitted  a  head,  with  a  fpout,  communicating 
with  the  receiver  by  means  of  a  long  tube.  The  vapors  that  are 
not  condenfed  in  this  receiver,  or  in  a  bottle  joined  to  a  fpout 
in  its  bottom,  are  conveyed  from  the  receiver  through  a  bent 
tube  into  fpirit  of  wine  contained  in  a  bottle.  Jf  any  vapors  pafs 
uncondenfed  through  this  fpirit  of  wine,  they  are  conveyed 
through  another  bent  tube  into  more  fpirit  of  wine  contained  \\\ 
another  bottle.  The  liquor  collected  in  the  bottle  annexed  to 
the  receiver  being  flowly  rectified  with  flaked  lime,  furnifhes  very 
fine  ether.  The  fpirit  of  wine  in  which  the  vapors  were  con- 
denfed, contains  fo  much  ether,  that  this  fluid  may  be  feparated 
from  the  fpirit  by  adding  water.  This  fpirit  of  wine  is  by  the 
operation  changed  into  good  dulcified  fpirit  of  nitre.  See  the 
Mil  Tranf.  vol.  5. 
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•f  coal  is  perceptible;  and,  laftly,  that  if  it  be  evaporated 
on  the  furface  of"  water  in  open  air,  it  leaves  upon  the 
water  fome  oil,  as  the  vitriolic  ether  does,  but  in  a  little 
larger  quantity.  In  other  refpects,  but  in  thefe  which 
fhew  that  the  nitrous  ether  is  of  a  more  oily  nature  than 
the  vitriolic,  thefe  two  ethers  are  perfectly  fimilar. 

The  activity  and  violence  with  which  nitrous  acid  acts 
upon  the  fpirit  of  wine  is  the  moft  remarkable  circumftance 
of  this  operation.  The  action  of  nitrous  acid  is  fo  much 
ftronger  than  that  of  vitriolic  acid  upon  fpirit  of  wine, 
that  equal  parts  of  concentrated  nitrous  acid  and  fpirit 
of  wine  cannot  be  mixed  and  contained  :  for  nowithanding 
all  the  precautions  that  can  be  taken  to  moderate  the  action 
of  thefe  two  liquors  upon  each  other,  they  mix  with  fo 
much  violence  when  that  proportion  is  ufed,  that  the  mix- 
ture is  inftantly  heated  almci!  to  inflammation,  is  reduced  to 
vapors,  and  burfts  the  veflbls  with  a  terrible  explofion. 

In  Mr.  Beaume's  DiiTertation  upon  Ether,  an  account 
of  the  trials  which  he  made  upon  this  fubject,  and  of  the 
refulting  phenomena,  may  be  feen. 

In  the  fecend  place,  when  fpirit  of  wine  and  nitrous  acid 
are  mixed  in  proper  proportions,  ether  may  be  obtained 
without  diftillation  ;  which  is  peculiar  to  this  acid.  The 
effects  peculiar  to  the  nitrous  acid,  in  the  preparation  of 
ether,  are  caufed  by  the  action  which  this  acid  has,  not 
only  on  the  watery  principle,  but  alfo  on  the  inflammable 
principle  of  the  fpirit  of  wine.  We  have  therefore  reafon 
to  believe  that  nitrous  acid  converts  fpirit  of  wine  into 
ether,  not  only  by  depriving  it  of  its  watery  principle, 
but  alfo  by  acting  upon  its  inflammable  principle  with 
which  it  combines,  or  to  which  perhaps  it  joins  its  own 
inflammable  principle.  This  is  fo  true,  that  nitrous  ether 
may  be  made  with  a  nitrous  acid  which  does  not  fmoke, 
and  which  is,  in  fome  meafure,  fctnrated  with  water. 
For  this  purpofe,  a  larger  proportion  of  fpirit  of  wine  ought 
to  be  added.  But  if  nitrous  acid  converted  fpirit  of  wine 
into  ether,  merely  by  depriving  it  of  its  watery  prin- 
ciple, a  diluted  acid  ought  not  to  have  the  fame  efFect  as  a 
fmoking  and  concentrated  acid,  particularly  as  it  cannot 
concentrate  itfelf  during  the  operation,  fince  this  is  per- 
formed without  diftillation.  Befides,  as  nitrous  acid  has  a 
greater  affinity  than  any  other  with  the  inflammable  prin- 
ciple, and  contains  a  greater  quantity  of  it,  we  ought  net 
to  be  furprized  that  nitrous  ether  is  produced  without 
(iiftillation,  and  more  eafily  than  any  other. 

Marine 
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Marine  acid,  on  the  contrary,  having  the  leafr.  difpofitioa 
of  all  the  adds  to  unite  with  the  inflammable  principle,  and 
iceming  to  contain  lefs  of  it  than  any  other  acid,  does 
therefore  produce  ether  with  moft  difficulty;  or,  properly 
fpeaking,  dees  not  produce  any  ether,  when  pure,  but 
only  when  it  has  been  combined  with  metallic  fubfrances, 
as  tin  and  antimony ;  part  of  the  phlogifton  of  which  it 
may  have  acquired.  See  Ether  (Marine).  It  probably 
becomes  more  proper  to  combine  with  the  inflammable 
principle  of  the  fpirit  of  wine,  or  to  communicate  that 
which  it  has  received,  after  it  has  already  begun  to  unite 
itfelf  with  the  inflammable  principle  of  metallic  matters. 

From  thefe  confiderations  we  are  inclined  to  believe, 
that  in  the  production  of  ether,  the  acids  a£f.  at  the  fame 
time  upon  the  watery  and  inflammable  principles  of  the 
fpirit  of  wine,  by  depriving  this  fpirit  of  the  former,  and 
by  combining  partly  with  the  latter ;  or  by  encreafing  its 
proportion  of  acid,  and  thereby  approximating  it  to  an  oily 
nature. 

All  acids,  and  particularly  mineral  acids,  fuffer  lingular 
alterations,  and  even  tranfmutations,  when  they  are  diftilled 
to  drynefs  with  a  fufficient  quantity  of  fpirit  of  wine. 
Mr.  Pott,  in  his  Diflertation  on  the  Vinous  Acid  of  Nitre, 
fays,  that  this  acid  by  being  combined  with  fpirit  of  wine 
lofes  the  difagreeable  fmell  peculiar  to  it,  and  acquires  a 
penetrating  and  agreeable  fmell  j  that  it  does  not  rife  in 
form  of  red  vapors ;  but  that  it  rifes  with  a  lefs  degree 
of  heat  than  when  pure,  and  that  it  acts  lefs  powerfully  on 
fixed  alkalis  and  abforbent  earths.  He  adds,  that  by 
diftilling  this  mixture,  oil  and  a  refiduous  coal  may  be 
obtained  :  and  that  if  nitrous  acid  previouily  combined 
with  fpirit  of  wine  be  faturated  with  a  fixed  alkali,  a  fait  is 
formed  which  does  not  detonate  like  nitre,  but  burns  like 
an  oily  fait,  without  walte  or  diminution. 

Pott  reafonably  thinks,  that  this  experiment  may  fuggefr. 
hints  concerning  the  tranfrnutation  of  acids,  and  he  be- 
lieves that  the  nitrous  acid,  in  that  experiment,  lofes  its 
detonating  and  other  efTential  qualities ;  becaufe  the  phlo- 
gifton which  enters  its  compofition  as  a  principle,  is  joined 
and  confounded  with  the  inflammable  matter  of  the  fpirit 
of  wine.  The  marine  acid  feems  to  fuffer  lefs  alteration 
in  combining  with  fpirit  of  wine ;  for  Mr.  Pott  fays  alfo, 
in  his  Diflertation  on  the  Vinous  Acid  of  Salt,  that  having 
iaturated  with  an  alkali  fome  marine  acid,  previoufly  treated 
with  fpirit  of  wine,  he  obtained  a  regenerated  cgmmon  fair, 
2  which 
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vrhich  poflefTed  all  the  effential  properties  of  common  fait, 
Neverthclefs,  Mr.  Pott,  having  diftilled  to  drynefs  the 
thick  matter  which  remains  after  the  moft  fluid  and  volatile 
part  had  been  diftilled  from  a  mixture  of  marine  acid  and 
fpirit  of  wine,  obtained  a  refiduous  black  fixed  coal:  which 
proves  that  one  part  of  the  acid  of  fait  contracts  in  this 
experiment  a  very  intimate  union  with  the  principles  of 
fpirit  of  wine  •>  for  the  marine  acid  and  fpirit  of  wine  diftilled 
fingly  do  certainly  not  leave  any  reliduum. 

ETHIOPS  (MARTIAL).  Martial  ethiops  is  iron 
divided  into  exceedingly  fine  parts  by  the  action  of  water. 

This  preparation  was  introduced  into  medicine  by  the 
younger  Lemeri,  who  called  it  ethiops  from  its  black  color. 
"To  make  ethiops,  filings  of  iron  are  taken,  very  clean  and 
free  from  ruft,  and  are  put  into  a  glajs  vefTel ;  on  thefe 
pure  water  is  to  be  poured,  to  the  height  of  three  or  four 
fingers  thicknefs  above  the  filings ;  the  filings  are  to  be 
frequently  ftirred  with  a  fpatula,  till  they  become  fo  fine  a 
powder,  that  when  agitated  they  remain  long  fufpended  in 
the  water  :  the  water,  thus  rendered  turbid  by  the  fufpended 
powder  of  iron,  is  to  be  decanted  ;  and  the  lediment  which 
is  depofited  is  to  be  dried  and  ground  on  a  porphyry.  This 
is  the  martial  ethiops. 

Iron  is  a  metal  which  is  foluble  in  many  menftruumsf 
Its  furface  is  fenfibly  affected  by  the  combined  action  of 
air  and  water,  and  is  in  fome  meafure  corroded.  It  is 
thereby  deprived  of  part  of  its  inflammable  principle,  and 
partly  reduced  to  an  earth  or  calx,  called  ruft :  but  to  pro- 
duce this  effect.,  thefe  two  elements  iiiuft  concur :  for  iron 
is  not  ruited  nor  altered  by  expofure  to  dry  air,  or  to  water 
alone,  without  contact  of  air.    (u ) 

Neverthelefs,  the  operation  of  ethiops  martial  fhows  that 
water  alone,  without  the  concurrence  of  air,  is  capable  of 
a  certain  action  upon  iron  ;  fince  this  metal  is,  by  this  action 
continued  ibme  time,  reduced  to  parts  exceedingly  fmall, 

(u)  Iron  is  not  fo  readily  rutted  when  kept  immerfed  in  water, 
as  when  it  is  iirit  poiftenjfd  and  then  cxpofed  to  air  ;  but  it  is 
neverthelefs  fubjeft  to  ruft  if  it  be  kept  a  few  days  under  water,  . 
«s  thofe  workmen  know  who  have  occafion  frequently  to  keep 
pieces  of  iron  under  water,  to  foften  and  render  the  metal  more 
ductile,  and  alfo  to  preferve  the  fui  face  from  ruft  during  a  lhort 
time.  When  they  "have  occafion  to  preferve  iron  from  ruft  a 
longer  time,  they  immerfe  it  in  lime-water,  which  being  free 
from  gas,  is  not  fo  apt  to  ruft  iron  as  other  waters  are. 

Whether 
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Whether  this  effeci  is  caufed  by  fome  heterogeneous  par- 
ticles in  the  water  or  in  the  iron,  has  not  yet  been  deter- 
mined. The  iron  thus  reduced  into  martial  ethiops  is  cer- 
tainly very  different  from  ruft  :  It  is  black,  attractable  by 
magnets,  and  foluble  in  all  acids  ^  which  proves  that  it  is 
not  deprived  or"  its  "  inflammable  principle.  Ruft,  on  trie 
contrary,  has  none  of  thefe  qualities. 

Thefe  properties  of  martial  ethiops  have  induced  fome 
perfons  to  propofe  it  as  a  remedy  much  fuperior  to  other 
preparations  of  iron.  This  manner  of  preparing  iron  for 
medicinal  purpoles  is  certainly  good  and  unexceptionable  ; 
but  Mr.  Lemeri  certainly  ought  not  to  have  declaimed 
againft  all  other  preparations  of  iron  indifcriminately,  nor 
to  have  advifed  their  total  difufe  in  medicine.  He  pro- 
nounced this  general  profcription  without  fufficiently  un- 
derftanding  the  matter.  He  would  probably  have  been 
more  indulgent,  if  he  had  known  that  feveral  martial 
faffrons,  fuch  as  thole  called  aperitive,  and  which  are  no- 
thing but  ruft,  are  capable  of  eaiily  renaming,  and  by  the 
humid  way  all  the  phiogifton  which  is  necelTary  to  reftore 
to  them  all  the  properties  of  martial  ethiops  ;  and  that 
this  change  is  actually  produced  upon  them  when  they 
are  taken  internally,  by  the  fat  matters  which  they  meet  in 
the  ftqmach,  in  the  inteftines,  and  in  the  aliments  and 
digeftive  juices.  This  is  proved  by  the  blacknefs  of  the 
excrements  of  thofe  who  have  taken  thefe  martial  faf- 
frons. * 

Mr.  Lemeri  had  certainly  not  examined  the  nature  of 
the  precipitates  obtained  from  folutions  of  iron  in  acids, 
and  particularly  in  the  vitriolic  and  marine  acids,  by  a 
phlogifticated  alkali  j  for  he  muft  have  obferved,  that  fuch 
precipitates  receive  from  the  alkali  a  fufficicnt  quantity  of 
phiogifton  to  give  it  a  dark  and  blackifh  color,  and  to  , 
render  it  foluble  in  any  acid  :  confequently  thefe  preci- 
pitates, which  are  at  leaft  as  fine  as  the  martial  ethiops,. 
are  alio  equal  to  it  In  folubility,  and  preferable  from  the 
greater  facility  of  their  preparation. 

When  well  phlogifticated  precipitates  are  required, 
they  ought  to  be  dried  in  clofe  veffels,  and  by  diftillation. 
This  is  an  operation  which  is  alfo  necenary  for  martial 
ethiops,  although  the  author  does  not  direct  it;  for  the 
iron,  being  moift  and  much  divided,  rufts  with  the  greateft 
facility  from  the  contact  of  air. 

Martial  ethiops,  and  the  martial  precipitates  and  faffrons 
above-mentioned,  are  fuccefsfully  employed  in  medicine 

as  I 
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as  excellent  tonic  and  fortifying  remedies.  See  upon  ihh 
fubjeft  Iron. 

ETHIOPS  MINERAL.  Ethiops  mineral  is  a  com- 
bination of  mercury  with  a  fufficiently  large  quantity  of 
fulphur.  The  color  of  this  compound  is  black,  and  hence 
it  has  been  named  ethiops. 

Ethiops  mineral  may  be  made  either  by  fufion,  or  by 
trituration  without  fufion. 

To  make  ethiops  mineral  by  fufion  :  To  fulphur  melted 
in  an  Unvarniflied  earthen  vcflel,  an  equal  quantity  of 
very  pure  mercury  is  to  be  added  ;  the  vefiel  is  at  the  fame 
time  to  be  taken  from  the  fire,  and  the  mixture  is  to  be 
ftirred  with  a  fpatula  till  it  be  cold  and  fixed  j  the  mixture 
is  then  become  a  black  and  friable  mafs,  which  is  to  be 
pounded  and  lifted.    This  is  ethiops. 

To  make  this  preparation  without  fire,  two  parts  of 
mercury  are  triturated  in  a  glafs  or  marble  mortar  with  three 
parts  of  flowers  of  fulphur,  till  the  mercury  no  longer 
appears. 

Mercury  and  fulphur  have  a  ftrong  difpofition  to  unite 
together.  For  this  purpofe,  their  integrant  parts  muft  be 
made  to  touch,  and  then  they  contract  an  adhefion,  but  not 
fo  ftrong  as  that  which  they  acquire  by  fublimation  in  the 
procefs  for  making  cinnabar. 

The  black  color  of  ethiops  is  always  taken  by  mercury, 
when  it  is  much  divided  and  mixed  with  inflammable 
matters.  In  this  refpect  it  refembles  filver,  lead,  and 
other  metals,  which  acquire  a  black  color  from  the  fuper- 
ficial  union  which  they  contract  with  fulphur  or  other 
phlogiftie  matters. 

Although  the  union  of  mercury  with  fulphur  in  ethiops 
is  not  fo  ftrong  as  in  cinnabar,  we  muft  not  believe  that  in 
ethiops  thefe  two  fubftances  are  not  united,  but  only  mixed 
and  interpofed ;  for  they  really  adhere  and  are  combined 
together.  The  proof  of  this  is,  that  they  cannot  be  feparated 
from  each  ether  without  intermediate  fubftances.  Thefe 
fubftances  are  the  fame  as  thofe  which  are  capable  of  pro- 
curing a  fimilar  feparation  by  decompofing  cinnabar.  Sc? 
Cinnabar. 

The  difference  betwixt  ethiops  prepared  by  fufion,  and; 
ethiops  prepared  by  trituration  is,  that  the  former  contains 
a  lefs  quantity  of  fulphur  than  the  latter. 

Mr.  Lemeri  has  obferved,  in  his  Courfe  of  Chemiftry, 
that  when  ethiops  is  made  with  fire,  one  half  of  the  fub- 
ftances employed  is  loft;  but  the  proportion  in  which 

each 
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each  of  the  fubftances  is  diffipated  is  not  known  :  we  are, 
however,  certain,  that  more  iulphur  is  loft  than  mercury ; 
notwithstanding  which,  each  kind  of  ethiops  contains  more 
fulphur  than  is  neceffary  for  the  faturation  of  the  mercury, 
as  evidently  appears  from  the  operation  of  making  artifi- 
cial cinnabar. 

The  chief  ufe  of  ethiops  mineral  is  in  medicine.  It 
may  be  given  from  fix  grains  to  half  a  dram,  incorporated 
with  other  fuitable  remedies.  It  is  employed  as  a  refolvent 
in  the  afthma,  fcrophula,  obftructjons  and  difeafes  pro- 
ceeding from  a  ftoppage  or  thicknefs  of  humours.  Some 
phyficians  prefcribe  it  in  venereal  difeafes  :  others  affirm, 
that  ethiops  has  no  medicinal  virtue  :  however,  it  certainly 
occafions  ialivation  fometimes,  although  feldom.  See  Mer- 
cury. 

EVAPORATION.  Evaporation  is  a  chemical  ope- 
ration, by  which,  with  a  certain  degree  of  heat  and  accefs 
of  air,  volatile  fubftances  are  feparated  from  others  lefs 
volatile. 

The  effect  of  evaporation  is  effentially  the  fame  as  that 
of  diftillation,  with  this  difference,  that  diftillation  is  almoft 
always  employed  to  feparate  and  collect  a  volatile  fubftance; 
whereas  evaporation  is  always  employed  to  feparate  and 
collect  the  fixed  or  lefs  volatile  fubftance  only,  the  more 
volatile  part  being  neceffarily  loft  in  the  operation. 

Evaporation  is  always  maae  in  open  air,  and  with  open 
veffels ;  for  air  contributes  much  to  the  volatilifation  of 
bodies,  and  evaporation  is  only  performed  from  their  fur- 
faces  :  hence  the  general  rules  for  evaporation  are,  to  place 
the  body  from  which  volatile  parts  are  to  be  evaporated  in 
a  flat,  mallow,  wide  veffel,  fo  that  it  fhall  prefent  to  the 
air  a  large  furface,  towards  which  even  a  current  of  air 
ought  to  be  directed. 

In  all  evaporations  the  degree  of  heat  ought  to  be  pro- 
portioned to  the  volatility  of  the  fubftance  to  be  evaporated, 
and  ftill  more  to  the  degree  of  fixity  of  the  fubftance  in- 
tended to  be  left,  and  of  its  adheiion  to  the  volatile  parts. 
Thus,  the  lefs  fixed  the  remaining  fubftance  is,  and  the 
more  ftrongly  it  adheres  to  the  volatile  fubftance,  the  lefs 
the  heat  ought  to  be.  For  inftance,  if  we  would  obtain 
the  portion  of  oil  which  is  found  in  rectified  fpirit-of  wine 
and  ether,  thefe  liquors  ought  to  be  evaporated,  as  Mr. 
Beaume  did,  upon  the  furface  of  water  in  open  air,  and 
without  any  other  heat  than  that  of  the  atmofphere  j  for, 
however  little  the  evaporation  of  thefe  liquors  is  urged  by 
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a  heat  fomewhat  too  ftrong,  the  volatility  of  this  fmall 
portion  of  oil  differs  fo  little  from  that  of  fpirit  of  wine 
and  of  ether,  that  it  would  entirely  exhale  with  thefe 
liquors  without  any  feparation,  as  it  does  when  they  are 
rectified.  Thus  Mr.  Duhamel  having  difcovered,  by  his 
experiments,  that  the  volatile  alkali  of  fal  ammoniac  carries 
off  with  it  a  confiderable  portion  of  the  fixed  earthy  in- 
termediate fubftances  employed  to  difengage  it,  could  not 
afterwards  feparate  this  earthy  part  from  the  concrete  vola- 
tile alkali,  but  by  allowing  this  latter  to  diftipate  itfelf  by  the 
heat  alone  of  the  air,  and  by  an  evaporation  v/hich  conti- 
nued feveral  months  ;  becaufe  this  earthy  part,  although 
very  fixed,  is  fo  well  combined,  and  adheres  fo  ftrongly  to 
volatile  alkali,  that  it  is  always  carried  along  with  the 
fait  in  evaporation,  whenever  the  heat  exceeds  that  of 
the  atmofphere.  See  Mr.  DuhameVs  Memoirs  concerning  Sal 
Jmmoniac  among ft  the  Memoirs  of  the  Academy. 

On  the  contrary,  in  fome  cafes  evaporation  may  be 
urged  by  a  itrong  heat,  and  even  by  a  current  of  air 
directed  upon  the  furface  of  the  body.  This  is^practifed 
when  the  part  to  be  evaporated  is  not  very  volatile,  and 
requires  confiderable  heat  to  raife  it,  and  when  the  re- 
maining fubftance  is  very  fixed,  and  does  not  adhere  much 
to  the  volatile  part.  Such,  for  example,  is  the  evapora- 
tion of  regulus  of  antimony  in  the  purification  cf  gold  by 
antimony.     See  that  operation. 

The  veffels  employed  in  evaporation  are  bafons,  tefts, 
crucibles  ;  and  thefe  veffels  are  made  of  glafs,  metal,  or  of 
earth,  according  to  the  nature  of  the  bodies  on  which  the 
operation  is  to  be  performed. 

EUPHORBIUM.  (x) 

EXCREMENTS   (LIQUID)  of  ANIMALS. 

^EXCREMENTS  (SOLID)  of  ANIMALS. 
Alchemifts,  who  have  fought  every  where  for  their  great 
work,  as  they  called  it,  have  particularly  operated  much 
on  the  excrements  of  men  and  other  animals  j  but  philofo- 
phical  chemiftry  has  acquired  no  knowledge  from  all  thefe 
alchemical  labors,  from  the  obfeurity  with  which  their 

(x)  Eupkoubium  is  a  very  acrid,  gummy,  refinous  juice. 
From  an  ounce  of  euphorbium  five  drams  were  extracted  by  fpirit, 
and  front  another  ounce  five  drams  alfo  were  extracted  by  water. 
Both  thefe  extracts,  but  chiefly  the  fjpirituous,  were  acrid  and 
corru-ive.  Neuman 
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authors  have  defcribed  them.  The  philofophic  chemifls 
have  not  much  examined  animal  excrements.  Of  thefe, 
Homberg  is  the  only  one  who  has  particularly  analyfed 
and  examined  human  ordure ;  and  this  was  done  to  fatisfy 
an  alchemical  project  of  one  of  his  friends,  who  pretended 
that  from  this  matter  a  white  oil  could  be  obtained,  with- 
out fmell,  and  capable  of  fixing  mercury  into  lilver.  The 
oil  was  found  by  Homberg,  but  mercury  was  not  fixed 
by  it. 

The  labors  of  this  able  chemift  were  not  however  ufe- 
lefs,  like  thofe  of  the  alchemifts,  becaufe  he  has  clearly 
related  the  experiments  he  made  on  this  matter,  in  the 
Memoirs  of  the  Academy  of  Sciences.  Thefe  experiments 
are  curious,  and  teach  feveral  efTeiitial  things  concerning 
the  nature  of  excrements.  The  refuit  of  thefe  experiments 
is  as  follows. 

Frefh  human  fceces,  being  diftilled  to  drynefs  in  a  water- 
bath,  furnifh  a  clear,  watery,  infipid  liquor,  ofadifagree- 
able  fmell,  but  which  contains  no'volatile  alkali ;  which  is 
a  proof  that  this  matter,  although  nearly  in  a  putrefactive 
ftate,  is  not  however  putrefied  ;  for  all  fubftances  really 
putrid  furnifh  with  this  degree  of  heat  a  manifeft  volatile 
alkali.    See  Putrefaction. 

The  dry  refiduum  of  the  foregoing  experiment,  being 
diftilled  in  a  retort  with  a  graduated  fire,  furniihes  volatile 
alkaline  fpirit  and  fait,  a  fetid  oil,  and  leaves  a  refiduous 
coal.  Thefe  are  the  fame  fubftances  which  are  obtained  from 
all  animal  matters.    See  Substances  (Animal). 

Human  fceces,  diluted  and  lixiviated  in  water,  furnifh 
by  filtration  and  evaporation  of  the  water  an  oily  fait  of 
nitrous  nature,  which  deflagrates  like  nitre  upon  ardent 
coals,  and  which  inflames  in  clofe  vefTels,  when  heated  to 
a  certain  degree. 

This  fame  matter  yielded  to  Homberg,  who  treated  it  by 
a  compleat  fermentation  or  putrefaction,  excited  by  a  digef- 
tion  during  forty  days  in  a  gentle  water-bath  heat,  and 
who  afterwards  dirHlled  it,  an  oil  without  color,  and 
without  bad  fmell,  and  fuch  as  he  endeavoured  to  find  ; 
but  which  did  not,  as  we  laid  befon ,  fix  mercury  into 
fiiver. 

EXPRESSION.  Expreflion  is  a  mechanical  opera- 
tion, by  which  the  juices  of  many  plants  are  obtained  -t 
and  fweet  oils,  which  are  not  volatile,  may  be  extracted 
from  many  fubftances  in  which  they  refide  funerabundantly 
and  uncombined.    Such  are  all  emuHive  feeds,  and  fotne 
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fruits,  as  oranges,  citrons,  lemons,  olives,  &c.  An  oil 
may  alio  be  obtained  from  yolks  of  eggs  by  expreflion. 

This  operation  is  performed  by  putting  the  fubftance  to 
be  exprefTed,  previously  bruifed,  in  a  machine  called  a  prefs. 

The  plants  from  which  the  juices  are  to  be  extracted, 
having  been  bruifed  in  a  mortar,  ought  to  be  wrapped  up 
in  a  Ifcrong  and  clofely  woven  linen  cloth,  and  then  put  into 
the  prefs.  The  plants  which  are  not  very  fucculent,  or  too 
mucilaginous  to  give  their  juices  by  exprefiion,  ought  to  be 
mixed  with  fome  water  when  they  are  bruifed  in  a  mortar. 

Grains  or  feeds  mutt  alfo  be  bruifed  before  they  are  ex- 
preffed  to  obtain  their  oil,  fo  as  to  form  them  into  a  greafy 
pafte,  the  oil  of  which  exfudes  fpontaneoufly.  They  are 
then  to  be  wrapped  in  a  ftrong  linen  cloth,  and  exprefTed. 
To  obtain  as  much  oil  as  is  pofiible,  this  pafte  ought  to  be 
exprefTed  betwixt  two  hot  iron  plates.  "But  this  method 
renders  oils  rancid,  and  therefore  ought  not  to  be  ufed  in 
the  preparation  of  oils  for  medicinal  purpofes. 

To  obtain  oil  from  yolks  of  eggs  by  expreflion,  they 
ought  previouily  to  be  hardened  by  baking,  or  even  a  flight 
torrefaction.  See  Juices  (Expressed),  and  Oils  (Sweet). 

EXTRACT.  This  word,  taken  in  the  moft  general 
fenfe  of  which  it  is  capable,  is  applicable  to  fubftances 
feparated  from  any  compound  body  by  a  proper  menftruum. 
But  it  is  generally  confined  to  denote  fubftances  feparated 
from  vegetables  by  water. 

To  make  an  extract  from  any  vegetable  fubftance,  it  muft 
be  infufed  or  boiled  in  a  fuiEcient  quantity  of  water,  to  ex- 
tract from  it  all  the  fubftances  foluble  in  this  menftruum. 
If  the  vegetable  matter  of  which  the  extract  is  to  be  made 
is  itMf  fucculent  and  watery,  it  need  not  then  be  infufed 
or  boiled.  The  juice  which  contains  all  the  matter  of  the 
extract  maybe  exprefled  ;  for  in  this  cafe,  the  water  in 
the  plant  has  the  fame  effect  as  the  water  employed  in  in- 
fufion  or  decoction. 

Then  the  infufion,  decoction,  or  exprefTed  juice  of  the 
plant  muft  be  evaporated  till  they  acquire  more  or  lefs 
firm  confiftence.  For  fome  extracts  are  made  as  foft  as 
pafte,  and  are  called  foft  extraels others  are  evaporated  till 
they  become  dry,  and  are  called  dry  or  folid  extraels. 

The  liquor  from  which  the  extract  is  to  be  made  by 
evaporation  is  always  more  or  lefs  charged  with  feculent 
matters,  earthy  or  refinous,  which  render  it  turbid,  be- 
caufe  thefe  matters  are  not  foluble  in  water.  Thefe 
matters  are  generally  feparated  before  the  liquor  is  eva- 
■  porated 
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porated  to  the  confidence  of  an  extract,  which  may  be 
done  by  clarification  with  the  white  of  an  egg,  or  other- 
wife.  By  this  feparation  of  feculent  matter,  foft  extracts 
are  rendered  lefs  liable  to  ferment  and  to  become  mouldy. 
But  as  the  intention  of  making  an  extract  is  to  preferve 
all  that  can  be  preferved  of  the  principles  of  plants,  the 
liquor  of  the  extract  ought  not  to  be  clarified,  but  it  ought 
to  be  evaporated  till  it  becomes  dry,  and  thereby  rendered 
not  fubject  to  change. 

As  extracts  ought  to  refemble,  as  nearly  as  is  poflible, 
the  vegetables  from  which  they  are  obtained,  .they  ought  to 
be  evaporated  with  a  gentle  heat,  and  in  a  water-bath ; 
becaufe  the  delicate  and  compounded  principles  of  vege- 
tables are  liable  to  be  changed  by  a-  fir  on  g  heat.  But  to 
avoid  the  inconveniences  attending  a  tedious  evaporation, 
by  which  a  fermentation  of  the  matter  might  be  induced, 
this  evaporation  may  be  accelerated  by  encreafing  the  fur- 
face  of  the  liquor,  which  therefore  ought  to  be  diftributed 
in  many  flat  and  wide-mouthed  vefiels.  See  Evapora- 
tion. In  this  manner  the  Count  de  la  Garaye  prepared 
what  he  called  ejfential  falts,  which  are  nothing  but  folid 
extracts,  the  beft  and  moft  perfect  which  can  be  obtained. 

From  what  has  been  faid  concerning  extracts,  we  may- 
conclude,  that  they  are  collections  of  the  proximate  prin- 
ciples of  vegetables,  and  chiefly  of  thofe  which  are  foluble 
in  water,  and  which  are  not  fo  volatile  as  to  be  capable  of 
diffipation  by  the  heat  of  boiling  water.  They  contain, 
therefore,  when  well  made,  all  the  gummy,  mucilaginous, 
faponaceous,  (that  is,  the  oil  rendered  foluble  in  water  by 
fome  faline  fubftance)  bitter,  or  faccharine  matters;  and 
laftly,  all  the  efTential  falts,  acid  or  others,  or  any  other 
faline  matters,  which  are  contained  in  vegetables.  In 
well  made  extracts  are  alfo  found  portions  of  the  oily, 
relinous,  and  earthy  principles  of  vegetables,  which, 
although  infoluble  in  water,  have  been  extracted  along 
with  the  other  principles  into  the  juice,  infufion,  or  de- 
coction; excepting,  for  particular  reafons,  thefe  principles 
are  required  to  be  excluded.  If  extracts  are  required  which 
fhall  pofTefs  as  much  as  they  can  of  the  properties  and 
virtues  of  plants,  we  ought  not  only  to  extract  by  water, 
but  alfo  by  fpirit  of  wine,  and  to  mix  together  the  fub- 
fkinces  thus  extracted  by  thefe  two  menftruums.  See 
Analysis  by  Menstruums. 

The  tafte  of  almoft  all  extracts  is  bitter  or  faline,  and 
fomewhat  like  that  which  fugar  or  other  vegetable  fub- 
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ilunces  acquire  by  flight  burning.  But  this  latter  quality- 
is  faulty.  It  proceeds  from  a  too  ftrong  heat  having  been 
employed  to  evaporate  the  extracts,  by  which  fome  of  the 
fubftances  contained  in  the  extract  are  confiderably  changed, 
or  even  dellroyed. 

Several  dry  extracts,  or  eflential  falls  of  the  Count  de  la 
Garaye,  attract  moifture  from  the  air,  and  even  become 
liquid.  This  property  is  occafioned  by  a  feparation  of  the 
i aline  from  the  reiinous  and  earthy  parts  of  the  vegetable, 
and  which  are  therefore  uncombined,  and  confequently  apt 
to  attract  moifture. 

Thefe  extracts  ought  to  be  preferved ,  in  well  clofed 
bottles. 

EXTRACT  (MARTIAL).  This  name  is  given 
to  a  pharmaceutical  preparation,  which  is  not,  properly 
fpeaking,  an  extract,  fmce  it  is  only  a  combination  of  iron 
with  tartar,  called  Tintfure  of  Mars^  reduced  to  the  con- 
iiftence  of  an  extract,    tee  Tincture  of  Mars. 


FALSE  G  ALENA.    This  is  a  mineral  which  re- 
fembles  at  firft  view  the  lead  ore  called  galena  j  but 
from  which  no  rnetal  is  extracted,  (y) 

FALSE  PRECIPITATE.  This  name  is  given  to 
a  matter  which  has  the  appearance  of  a  precipitate,  but 
which  has  not  been  feparated  from  a  menilruum.    Such  is 

(y)  False  Galena.  Pfeudo  Galena,  called  alfo  Black-jack, 
or  Blend,  is  an  ore  of  zinc,  containing,  befides  that  femi-metal, 
generally  fome  iron,  together  with  the  mineralizing  fubftances 
fulphur  and  arfenic.  It  is  frequently  intermixed  with  the  lead 
ore  called  galena,  and  fome  times  with  the  cupreous  pyrites.  In 
England  the  former  kind  is  found  in  the  lead  mines  of  Derby- 
mire,  and  the  latter  in  the  copper  mines  of  Cornwall.  This 
mineral,  formerly  ncglefted  as  ufelefs,  has  lately  been  employed, 
after  a  careful  calcination,  iftftead  of  calamine,  for  the  manufac- 
ture of  brafs  ;  and  might  alfo  be  employed  as  calamine  is,  for 
the  extraction  of  zinc.  For  thefe  purpofes,  that  kind  of  blend  is 
iitreft  which  contains  mod  zinc,  and  leaft  of  iron  and  arfenie. 
Such  is  the  blend  of  Derby  mire,  which  is  a  very  rich  ore  of  zinc. 
This  kind  is  more  laminated  in  its  texture,  and  of  a  greyiih  color 
when  fcratched ;  whereas  the  blend  found  in  Cornwall  has  a 
more  te*Telated  texture,  confining  of  oblong  parallellipipedons, 
is  of  a  reddiih  color  when  fcratched,  and  contains  a  larger  quan- 
tity of  iron  and  arfenic. 
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mercury  reduced  into  a  red  powder  without  addition,  and 
merely  by  heat,  improperly  called  precipitate  per  fe,  or 
mercury  precipitated  by  itfelf :  fuch  alfo  is  red  precipitate, 
which  is  mercury  diflblved  in  fpirit  of  nitre,  and  after- 
wards deprived  of  mod  of  the  acid  by  fire,  without  any 
intermediate  jubilance.  Silver,  lead,  mercury,  feparated 
from  nitrous  acid  by  marine  or  vitriolic  acids  or  falts,  are 
alfo  generally  confidered  as  precipitates,  and  are  really  fo, 
as  they  are  actually  feparated  from  one  fubflance  by  tht; 
intervention  of  another :  but  as  this  feparation  is  made  by 
the  union  of  the  precipitated  metal  with  the  precipitating 
acid,  fuch  precipitate  ought  to  be  diftinguiiTied  from  thoie 
which  are  nothing  but  the  precipitated  matter  uncom- 
bined  and  fingle.  See  Precipitates  and  Precipita- 
tion. 

FAT.  Fat  is  an  oily  concrete  fubflance,  depofited  in 
different  parts  of  animal  bodies. 

To  obtain  fat  very  pure,  it  muft  be  cut  into  pieces,  and 
cleaned  from  the  interpofed  membranes  and  veiTels  ;  it  muft 
then  be  cleanfed  from  its  gelatinous  matter  by  warning 
with  water,  till  the  water  comes  from  it  colorlefs  and  in- 
fipid  i  it  is  afterwards  to  be  melted  with  a  moderate  heat, 
in  a  proper  velFel,  with  a  little  water;  and  it  is  to  be  kept 
thus  melted  till  the  water  be  entirely  evaporated,  which  is 
known  by  the  difcontinuance  of  the  boiling,  which  is 
caufed  by  the  water  only,  and  which  lails  till  not  a  drop 
of  it  remains  :  it  is  afterwards  to  be  put  into  an  earthen 
pot,  where  it  fixes  ;  then  it  is  exceedingly  white,  fuffi- 
ciently  pure  for  the  purpofes  of  pharmacy  or  chemical 
examination. 

Fat.  thus  purified  has  very  little  tafle,  and  a  weak,  but 
peculiar  fmell. 

Mineral  acids  exhibit  the  fame  phenomena  with  fat,  as 
they  do  with  the  fixed  fweet  oils  of  vegetables,  which  con- 
tain nothing  gummy  or  refinous,  and  which  do  not  dry. 
Such  is  the  oil  of  ben,  oil  of  olives,  and  all  thofe  which 
chemifls  call  fat  oils. 

Alkalis  dittblve  fat,  as  they  do  thefe  oils,  and  form  a 
fimilar  foap.  Fat  contains  no  principle  fo  volatile  as  to  be 
raifed  with  the  heat  of  boiling  water.  It  does  not  inflame 
but  when  heated  in  open  air  fo  as  to  rife  in  vapors.  Laflly, 
by  age  it  contrails  an  acrid  and  rancid  quality.  1 

When,  fat  is  diflilled  with  a  heat  fuperior  to  that  of  boil- 
ing water,"  which  muft  therefore  be  clone  in  a  retort,  and  in 
a  naked  fire,  firft  an  acid  phlegm  arifes,  and  a  fmali  por- 
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tion  of  oil  y&ijfi\  remains  fluid.  As  the  difttllation  con- 
tinucs,  thf^j^cl  becomes  ftronger,  and  the  oil  thicker,  and 
at  laftJf  C^fgeals  in  the  receiver.  No  other  principle  arifes 
dunngtKis  diililiation  :  and  laltly,  when  the  retort  is  red, 
nuking  remains  but  a  very  fmall  quantity  of  that  kind  of 
coal  which  cannot  be  burnt  without  very  great  difficulty. 
See  Coal. 

If  the  congealed  oil  which  is  found  in  the  receiver  be 
again  diftilled,  more  acid  is  obtained,  and  an  oil  which 
does  not  congeal ;  and  thus,  by  repeating  the  diftillations, 
the  oil  is  more  and  more  attenuated.  While  it  is  thus 
deprived  of  its  acid,  it  acquires  a  more  and  more  pene- 
trating fmell ;  and  thus  by  diftillation  alone  it  may  be 
rendered  as  volatile  as  eftential  oils,  and  capable  of  rifing 
with  the  heat  of  boiling  water. 

From  all  thefe  properties  of  fat  we  may  perceive  it  is  a 
fweet  concrete  oil,  not  volatile,  and  perfectly  analogous  to 
butter  and  wax;  and  that  its  confidence,  as  well  as  the 
confidence  of  thefe  analogous  fubftances,  is  caufed  by  an 
acid  intimately  united  with  it,  which  cannot  be  feparated 
but  gradually  and  by  repeated  diftillations.  Fat,  and  all 
other  analogous  oily  matters,  cannot  be  heated  fufficiently 
to  be  raifed  into  vapors,  without  fufFering  a  confiderabie 
alteration,  and  even  decompofition.  The  vapors  which 
rife  from  it,  when  heated  in  open  air,  are  the  fame  as  thofe 
which  rife  when  diftilled  in  clofe  veflels.  They  confift  of 
acid  and  attenuated  oil.  This  acid  is  remarkably  pene- 
trating, acrid,  and  volatile ;  it  irritates  and  inflames  the 
eyes,  the  throat,  and  lungs ;  it  makes  the  eyes  fried  tears, 
and  excites  a  cough  as  much  as  volatile  fulphureous  acid 
does,  although  its  nature  be  very  difFerent. 

When  fat  is  in  its  natural  ftate,  and  has  not  yet  fuffered 
any  alteration,  its  acid  is  fo  well  combined  with  its  oily  part, 
that  none  of  its  properties  can  be  perceived.  Thus  fat  in 
good  condition  is  very  mild,  and  ufed  fuccefsfully  in 
medicine,  particularly  externally,  for  its  lenient  quality : 
but,  notwithstanding  its  great  mildnefs,  before  it  has  been 
heated  fufficiently  to  decompofe  it,  and  while  it  is  yet 
frefh,  it  becomes  exceedingly  acrid,  irritating,  and  cauftic, 
when  its  acid  is  partly  difengaged  by  fire  or  by  time. 

When  Fat  is  become  very  rancid,  not  only  its  medicinal 
effect,  but  alfo  many  of  its  effential  properties,  are  totally 
changed,  particularly  its  property  of  refifting  the  action 
of  fpirit  of  wine  :  for  this  menftruum,  which  does  not 
afte&  pure  and  unchanged  fat,  diflblves  fome  portion  of 
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fat  which  has  been  ftrongly  heated,  or  which  has  become 
rancid.  This  effect  can  certainly  proceed  from  no  other 
caufe,  than  that  the  acid  of  the  fat  difengages  itfelf  in 
both  thefe  cafes.  Mr.  Macquer  has  fhewn  this  in  his 
Memoir  concerning  the  Caufe  of  the  different  Solubility 
of  Oils  in  Spirit  of  Wine.  We  fhall  fpealc  more  fully 
on  this  matter  at  the  article  Oil.  Mr.  De  Machy,  an 
intelligent  apothecary  of  Paris,  and  an  able  chemift  and 
obferver,  has  made  a  remark  upon  this  fubjecl:  which 
correfponds  with  this  opinion  ;  which  is,  that  all  the 
rancidity  of  fat  may  be  taken  from  it  by  treating  it  with 
fpirit  of  wine.  Now,  this  evidently  happens,  becaufe  the 
fpirit  of  wine  diflblves  all  the  portion  of  fat  which  is  dif- 
engaged  from  its  acid ;  that  is,  all  the  rancid  part,  while  it 
does  not  touch  that  which  is  not  changed.  This  practice 
may  be  advantageoufly  employed  for  the  prefervation  or 
recovery  of  fome  fats  ufed  in  medicine,  but  which  are  rare, 
and  not  to  be  procured  in  their  recent  ftate. 

The  decompofition  of  fat,  from  which  may  be  obtained 
acid,  oil,  a  very  fmall  quantity  of  refiduous  coal,  and  not 
a  particle  of  volatile  alkali,  proves  evidently,  that  this 
fubflance,  although  elaborated  in  animal  bodies,  of  which 
it  makes  a  part,  has  not  the  marks  of  an  animalifed  matter; 
it  therefore  feems  to  make  a  feparate  clafs,  and  to  be  pro- 
duced from  the  oily  parts  of  the  aliments  which  could  not 
enter  into  the  compofition  of  the  nutritive  juices  :  it  is 
confequently  an  oil  fuperabundant  to  nutrition,  which 
nature  depoiites  and  referves  for  particular  purpofes.  One 
of  the  chief  ufes  of  fat  probably  is  to  receive  into  its  com- 
pofition, to  blunt  and  correct  a  great  part  of  the  acids  of 
the  aliments,  and  which  are  more  than  are  requifite  to  the 
compofition  of  the  nutritive  juice,  or  which  nature  could 
not  otherwife  expel.  This  is  certain,  that  the  greater  the 
quantity  of  aliments  is  taken  by  healthy  animals,  above 
what  is  neceffary  for  their  nourifhment  and  reproduction, 
the  fatter  they  become.  Hence  animals  which  are  caftrated, 
which  are  not  much  exercifed,  or  which  are  come  to  an 
age  when  the  lofs  and  production  of  the  feminal  fluid  is 
lefs,  and  which,  at  the  fame  time,  confume  much  fucculent 
aliment,  generally  become  fatter,  and  fometimes  exceed- 
ingly fo. 

Although  fat  be  very  different  from  truly  animalifed 
fubftances,  and  appears  not  eafily  convertible  into  nutritive 
juices,  it  being  generally  difficult  of  digeftion,  and  apt 
to  become  rancid,  as  butter  does  in  the  ftomachs  of  many 

B  b  4  perfoRs  j 


FERMENTATION 

pcrfons;  jet  in  certain  cafes  it  fervcs  to  the  nourtfhment 
and  reparation  of  the  body.  Animals  certainly  become 
lean,  and  live  upon  their  Fat,  when  they  have  too  little 
food,  and  when  they  have  difeafes  which' prevent  digeftion 
and  production  of  the  nutritive  juice  ;  and  in  thefe  cafes 
the  fatter  animals  hold  out  longer  than  the  leaner.  The 
fat  appears  to  be  then  abforbed  by  the  veffels  defigned 
for  this  ufe,  and  to  be  transformed  into  nutritive  juice. 

The  fats  of  different  animals  differ  little.  They  have  all 
the  fame  efFential  properties,  and  only  vary  fenfibly  in  con- 
fidence. Frugivorous  animals,  and  particularly  fheep, 
have  very  firm  fat ;  moft  reptiles,  and  particularly  hm, 
which  are  almoft  all  carnivorous,  have  a  foft  and  fome- 
times  a  liquid  fat.    See  Butter,  Wax,  and  Oil. 

FEATHERS,  (z) 

FENNEL,  (a) 

FENUGREEK,  (b) 

FERMENT.  A  ferment  is  a  fubftance  actually  fer- 
menting, or  flrongly  difpofed  to  ferment,  and  which  is 
employed  to  determine  and  excite  another  body  to  fermen- 
tation j  fuch  are  yeaft,  leaven,  and  other  fuch  fubfrances. 
See  Fermentation. 

FERMENTATION.  Fermentation  is  an  inteftine 
motion,  excited  fpontaneoufly,  with  the  affiffance  of  proper 
heat  and  fluidity,  betwixt  the  integrant  and  cohftituent 
parts  of  certain  very  compound  bodies,  from  which  refult 
new  combinations  Of  the  principles  of  thefe  bodies. 

All  vegetable  and  animal  matters,  into  the  compofition 
of  which  enter  a  certain  quantity  of  fluid  oil  and  earth, 
rendered  perfectly  foluble  in  water  by  the  intervention  of  a 
faline  matter,  being  diffufed  in  a  fufBcient  quantity  of 

fzj  Feathers.  From  fixteen  ounces  of  feathers  Neuman. 
obtained  fix  ounces  two  drams  of  fpirit,  two  ounces  and  two 
drams  of  fait,  one  ounce  two  drams  of  oil,  and  a  refiduum,  from 
which,  after  calcination,  twenty-fix  grains  of  faline  matter  were 
elixated. 

(a)  Fennel.  The  leaves  and  feeds  of  common  fennel  con- 
tain an  eiTential  oil.  The  oil  obtained  from  the  leaves  on  the 
upper  part  of  the  plant  is  much  finer,  lighter,  and  more  fubtle 
than  the  oil  obtained  from  the  lower  leaves.  The  former  oil 
fwims  on  water,  and  the  latter  oil  links.  Neuman. 

(b)  Fenugreek.  The  feeds  of  this  plant  contain  an  ex- 
preiiible  oil  blended  with  refin  and  mucilage,  but  no  efTential 
oil.  From  fixteen  ounces,  eleven  drams  were  extracted  by  water ; 
and  fom  the  fame  quantity,  four  drams  and  a  half  were  extracted 
by  (pint  of  wine.  Neuman. 

wate  r 


FERMENTATION 

wateT  to  become  liquid,  or  at  lead  foft,  and  being  expofed 
to  heat  from  a  few  degrees  above  the  freezing  point  to 
twenty-five  and  more,  and  when  the  communication  with 
air  is  not  entirely  ftopt,  fuffer  fpontaneoufly  the  fermentative 
motion,  which  entirely  changes  the  nature  and  proportion 
of  their  principles. 

But  this  fermentation,  and  the  new  compounds  pro- 
duced by  it,  differ  coniidcrably  both  in  properties  and 
proportions,  according  to  the  nature  of  the  fermented 
jubilance,  and  the  circumftances  of  the  fermentation. 

We  may  diftinguim  three  particular  kinds  of  fermenta- 
tion, or  three  degrees  of  the  fame  fermentation,  which 
refer  to  the  three  principal  products  which  rcfult  from  it. 

The  nrft  is  called  vinous  or  fpirituous  fermentation  j  bc- 
caufe  it  changes  into  wine  the  liquors  which  undergo  .it, 
and  becaufe  from  this  wine  may  be  obtained  an  inflammable 
fpirit,  mifcible  with  water,  called  fpirit  of  wine. 

The  fecond  kind  of  fermentation  is  called  acid  or  acetous, 
becaufe  the  product  of  it  is  an  acid,  or  vinegar. 

The  third  fermentation  is  called  the  putrid  or  putrefaclive. 
It  might  alfo  be  called  the  alkaline  fermentation,  becaufe 
much  alkali  is  difengaged  by  it. 

All  matters  fufceptible  of  the  fpirituous  fermentation 
may  afterwards  undergo  the  acid,  and,  laftly,  the  putrid 
fermentation ;  but  fome  fubftances  are  not  fufceptible  of 
the  fpirituous  fermentation,  but  proceed  nrft  to  the  acid, 
and  afterwards  to  the  alkaline  or  putrid  fermentation  and 
laftly,  fome  fubftances  are  fufceptible  of  the  putrid  fermen- 
tation only.  Further,  a  fubftance  which  having  under- 
gone the  fpirituous  fermentation,  has  proceeded  to  the 
acid  fermentation,  cannot  be  again  made  to  undergo  the 
fpirituous,  but  panes  neceflarily  to  the  putrid.  Alfo  thofe 
fubftances  which  have  undergone  the  acid  fermentation 
directly,  that  is,  without  previoufly  pafling  through  the 
fpirituous,  are  only  then  fufceptible  of  the  putrid,  and 
not  of  the  fpirituous  fermentation  j  and  the  fubirances 
which  pafs  directly  to  the  putrefactive  fermentation  can- 
not be  made  to  undergo,  at  leaft  fenfibly,  the  acid,  and 
ftill  lefs  the  fpirituous  fermentation.  Laftly,  any  matter 
fufceptible  of  the  fpirituous  fermentation  cannot  be  made 
to  putrify  without  previoufly  palling  through  the  fpirituous 
and  acid  fermentations. 

Thefe  confiderations  have  induced  molt  chemifts,  2nd 
particularly  the  great  Stahl,  to  confider  thefe  fermentations 
lefs  as  three  operations  diftinct  and  independant  of  each 
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•ther,  than  as  three  principal  and  diftinguifhed  degrees  of 
one  and  the  fame  fermentative  motion,  by  which  nature 
endeavours  to  refolve,  and  to  reduce  into  a  fimilar  condi- 
tion, all  the  moft  compounded  bodies,  into  the  combina- 
tion of  which  enters  the  oily  principle  ;  that  is,  all  animal 
and  vegetable  fubftances. 

We  may  add,  that  while  vegetable  and  animal  fubftances, 
fufceptible  of  fermentation,  make  part  of  the  living  vegeta- 
ble or  animal,  they  undergo  fermentation  only  in  a  flow 
and  infenfible  manner ;  becaufe  they  are  preferved  from  it 
by  the  vital  motion,  and  becaufe  this  flownefs  is  neceflary 
for  the  vegetable  and  animal  economy :  but  when  the  life 
©f  organifed  bodies  ceafes,  then,  as  nothing  in  their  juices 
or  proximate  principles  prevents  their  difpofition  to  change 
their  nature  and  to  be  decompofed,  all  thefe  fubftances  fen- 
ftbly  acquire  the  fermentative  motion,  and  pafs  with  more 
or  lefs  rapidity  and  regularity  through  the  periods  of  change 
which  they  have  frill  to  undergo,  according  to  the  concur- 
rence of  circumftances  which  generally  favor  fermentation. 

According  to  this  idea,  fermentation,  taking  it  altoge- 
ther, would  be  nothing  elfe  than  putrefaction  ;  to  which 
all  animals  and  vegetables  naturally  and  continually  tend, 
during  their  life,  flowly  and  infenfibly  -}  but  after  their 
death,  quickly  and  fenfibly. 

At  the  beginning  of  this  article,  we  obferved  what  the 
neceftary  conditions  were  for  fermentation  of  any  body, 
and  hence  the  means  by  which  it  may  be  prevented  or  fuf- 
pended  are  eafily  deduced.  Thefe  means  are,  intenfe  cold, 
want  of  air  and  of  water,  and  laftly,  a  difproportion  of 
the  principles  of  the  body  expofed  to  fermentation. 

The  moft  fermentable  liquors,  as  the  juices  of  grapes  and 
other  ripe  fruits,  do  not  ferment  when  expofed  to  too  great 
cold.  The  blood  and  flefh  of  animals  are  preferved  from 
corruption  by  froft.  They  may  be  alfo  preferved  under 
the  exhausted  receiver  of  an  air-pump,  or  by  drying  per- 
fectly. They  may  particularly  be  preferved  by  this  latter 
method  any  time,  without  fuffering  the  leaft  alteration. 

We  are  to  remark,  upon  this  fubject.  of  preventing  fer- 
mentations in  fermentable  fubftances,  that  when  only  the 
neceflary  degree  of  heat  is  employed  to  deprive  them  of 
their  fuperabundant  moifture,  and  their  composition  con- 
fequently  is  not  changed  ;  we  may,  by  mixing  them  again 
with  the  proper  quantity  of  water,  reftore  to  them  the  fame 
tendency  to  ferment  which  they  had  before  they  were  dried. 
This  cbfervation  is  particularly  applicable  to  matters  fufcep- 
tible 
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tible  of  the  firft  and  laft  degrees  of  fermentation  ;  and  we 
ought  to  conclude  from  thence,  that  although  the  produces 
of  the  fpirituous  and  alkaline  fermentation  are  more  vola- 
tile than  water,  yet  the  fermentable  fubftances  contain  no 
principle  which  is  not  lefs  volatile  than  water. 
'  The  laft  method  of  preventing  or  retarding  fermenta- 
tion in  fermentable  fubftances  is,  as  we  faid,  to  change  the 
proportion  of  their  proximate  principles,  which  is  conve- 
niently done  by  mixing  them  with  fome  fubftance  which 
can  unite  itfelf  to  thefe  principles,  and  which  is  not  itfelf 
fermentable;  fuch  are  fpiritof  wine,  acids,  and  even  all  faline 
fubftances.  For  this  reafon  wine  is  preferred  in  the  fame 
ftate  by  penetrating  it  with  fulphureous  acid  ;  and  alfo 
animal  matters  are  preferved  from  corruption  by  mixing 
them  with  fpirit  of  wine,  common  fajt,  or  any  other 
falts. 

Thofe  vegetable  and  animal  fubftances  only  are  proper- 
ly fermentable  which  contain  oil.  The  action  of  minerals, 
or  of  their  principles  on  each  other,  nor  even  the  action 
of  decompounded  vegetable  and  animal  fubftances,  can  be 
confidered  as  true  fermentations,  except  we  fo  far  extend 
the  meaning  of  the  word  fermentation  as  to  include  the 
fpontaneous  and  inteftine  motion  of  decompounding  pyrites, 
by  which  new  falts  are  formed  j  the  changes  produced  upon 
the  imperfect  metals  by  air  and  by  water ;  the  rancidity  of 
oils ;  and  other  changes,  which  appear  to  differ  effentially 
from  the  fermentation  of  animal  and  vegetable  matters. 

The  effervefcences  which  happen  betwixt  bodies  not 
much  compounded,  when  they  mutually  diflblve  each  other, 
fuch  as  the  effervefcences  perceived  when  acids  unite  with 
earths,  alkalis,  or  metals,  are  much  more  different  from 
true  fermentation,  and  have  never  been  confounded  toge- 
ther but  by  perfons  entirely  ignorant  of  chemiftry. 

"We  may  judge  from  what  we  have  faid  concerning  fer- 
mentation in  general,  how  important  this  matter  is  for  the 
attainment  of  a  knowledge  of  animal  and  vegetable  fub- 
ftances ;  but  we  cannot  form  an  adequate  notion  of  it, 
without  confidering  attentively  the  particular  phenomena 
which  appear  in  the  feveral  kinds  or  degrees  of  fermenta- 
tion. Wherefore,  upon  this,  the  articles  Kingdom  (Ve- 
getable), Kingdom  (Animal),  Wine,  Spirit  of 
Wine,  Tartar,  Vinegar,  and  Putrefaction,  may 
be  confulted. 

FILTRATION  and  FILTERS.  Filtration  is  an 
operation  by  which  the  heterogeneous  parts  mixed  with 
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a  liquor  are  feparated,  or  by  which  certain  matters  are 
freed  from  an  ufelefs  liquid.  Filtration  is  generally  per- 
formed by  means  of  filters.  A  heap  of  fmall  parts  of  any 
fubftance,  as  fand,  may  alfo  be  employed  for  filtration  in 
fome  cafes. 

The  rules  of  filtration  are  very  fimple.  The  chief  of 
thefe  are,  that  the  filter  mail  contain  nothing  which  the 
liquor  that  pafTes  through  is  capable  of  difTolving ;  that  it 
fhall  not  be  liable  to  be  attacked  or  corroded  by  the  liquor ; 
and  that  its  pores  fhall  be  fmaller  than  the  particles  of  the 
matter  to  be  feparated  from  the  liquor. 

A  liquor  cannot  be  filtrated,  unlefs  its  fluidity  and  thin- 
nefs  be  proportioned  to  the  pores  of  the  filter.  Liquors 
which  are  vifcid  and  thick,  as  fyrups  and  mucilages,  and 
thofe  which  are  very  thick,  as  very  ftrong  folutions  of 
fome  falts,  do  not  pafs,  or  with  great  difficulty,  through 
filters,  whofe  pores  appear  otherwife  fufRciently  large  in 
proportion  to  the  finenefs  of  their  parts.  This  proceeds 
from  the  adhefion  which  thefe  parts  have  to  each  other. 

The  filtration  of  thefe  liquors  is  generally  much  for- 
warded by  heat.  Strong  folutions,  for  inftance,  of  falts, 
large  proportions  of  which  are  fpluble  in  water,  as  nitre, 
Glauber's  fait,  and  ethers,  require  to  be  nitrated  when 
boiling  hot. 

When  the  parts  of  a  matter  difFufed  in  this  liquor  adhere 
to  this  liquor,  they  cannot  be  feparated  by  filtration.  This 
adhefion  muft  be  previoufly  deftroyed.  For  inftance,  the 
exprefTed  juices  of  plants  are  impregnated  with  a  refinous, 
earthy,  fine  matter,  adhering  to  thele  juices,  and  deftroy- 
ing  their  tranfparency.-  The  whey  of  milk  alfo  is  turbid 
from  the  many  fine  cafecus  parts  adhering  to  it.  Thefe 
liquors  cannot  be  clarified  by  filtration  without  a  previous 
preparation  ;  for  they  cannot  pafs  through  the  pores  of  a 
filter  clofe  enough  to  retain  the  heterogeneous  particles 
which  difturb  their  tranfparency;  and  through  a  filter  open 
enough  to  give  them  pailage,  they  would  pafs  in  their  turbid 
ftate. 

Such  liquors  are  rendered  capable  of  filtration  by  coagu- 
lating and  collecting  the  heterogeneous  parts.  This  is 
effected  by  boiling,  and  ftiil  better  by  whites  of  eggs 
mixed  and  boiled  together  with  thefe  turbid  liquors.  Whites 
of  eggs,  when  they  coagulate,  collect:  and  agglutinate  the 
heterogeneous  parts,  which  then  appear  in  larger  molecules, 
and  float  freely  in  the  liquor  without  adhering  to  it.  This 
liquor  is  then  in  a  ftate  of  filtration  j  it  partes  clear,  and 
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the  matter  which  rendered  it  turbid  remains  upon  the  filter. 
The  fine  caieous  parts  which  difturbed  the  tranfparency  of 
whey  are  fo  well  mixed  in  it,  that,  befides  whites  of  eggs, 
fome  cream  of  tartar  mult  be  added,  to  procure  the  required 
coagulation. 

The  matters  generally  ufed  as  filters  are  woollen  fluffs, 
linen  cloths  more  or  lefs  fine,  and  brown  paper.  The 
form  of  filters  varies  according  to  the  quality  and  quantity 
of  the  matters  to  be  filtrated.  Some  of  them  are  hollow 
inverted  cones.  Thefe  are  more  ufed  in  pharmacy  and 
cookery  than  in  chemiftry.  With  thefe  fyrups  are  filtered. 
The  filter  molt  frequently  ufed  in  chemiftry  is  paper,  in 
the  making  of  which  no  pafte  or  lize  has  been  employed. 

When  a  fmall  quantity  only  of  matter  is  to  be  filtrated, 
the  paper  muft  be  folded  lb  as  to  take  the  form  of  a  funnel, 
and  to  be  placed  in  a  glafs  funnel,  with  ftraw  interpofed 
betwixt  the  filter  and  the  fides  of  the  funnel,  to  prevent 
the  filter  from  applying  itfelf  immediately  and  in  all  its 
extent  to  the  funnel,  when  it  is  filled  and  wet. 

When  much  matter  is  to  be  filtrated,  a  cloth  is  to  be  fix- 
ed to  the  four  corners  of  a  wooden  frame,  fo  that  it  fhail 
not  be  ftretched  tight  :  to  the  cloth  is  fitted  paper,  upoa 
which  the  liquor  is  to  be  poured. 

The  firft  portions  of  liquors  which  pafs  in  filtration  are 
almoft  always  more  or  lefs  turbid  ;  wherefore  they  ought 
to  be  poured  again  upon  the  filter,  and  even  more  than 
once  till  it  palTes  perfectly  clear*  This  happens  becaufe 
the  pores  of  the  filter,  at  firft  too  open,  are  afterwards  con- 
tracted by  the  fwelling  occafioned  by  the  liquor,  or  they  are 
partly  flopped  up  by  the  fediment  which  is  depofited  upon 
them. 

IT  RE.  Chemifts  confider  fire,  as  alfo  the  other  ele- 
ments, in  two  very  d  liferent  views  :  fir  ft,  as  it  enters  into 
the  compofiticn  of  many  bodies,  of  which  it  is  a  principal 
or  conftituent  part ;  and  fecondly,  as  being  pure,  free,  not 
entering  into  any  compound,  bur.  acting  fenliblyand  ftrong- 
ly  upon  all  natural  bodies,  and  producing  effects  as  a 
powerful  agent  #in  all  chemical  operations.  In  this  latter 
point  of  view  we  fhall  confider  fire  in  this  article.  It 
will  be  confidered  as  a  principle  under  the  article  Phlo- 
giston. 

Pure,  free,  uncombined  fire  feems  to  be  a  collection  of 
particles,  the  matter  of  which  is  fimple,  homogeneous, 
and  entirely  unalterable.  All  the  properties  of  this  element 
fhew  that  its  particles  are  infinitely  fmall,  have  no  fenfibie 
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adhcfion  to  each  other,  and  that  they  have  a  very  rapui, 
continual  motion  in  all  directions,  which  is  effential  to 
them. 

From  this  definition,  fire  appears  to  be  a  body  efTentially 
fluid,  and  many  facts  concur  to  prove  that  it  is  the  only 
body  efTentially  fluid,  confequently  the  caufe  of  the  fluidity 
of  other  bodies ;  and  that  as  it  alone  counterbalances  the 
general  tendency  of  all  the  other  parts  of  matter  towards 
each  other,  they  are  prevented  by  it  from  uniting  into 
one  immenfe,  homogeneous,  and  perfectly  hard  mafs. 

Whence  can  fo  aftonifhing  a  difference  proceed  between 
the  properties  of  the  primitive  integrant  molecules  of  fire, 
and  thofe  of  the  integrant  parts  of  all  other  matter?  Is 
fire  then  not  material,  or  not  compofed  of  matter,  as  its 
properties  have  induced  feme  philofophers  to  think  ?  Is  it 
matter  of  a  peculiar  kind  ?  Or  does,  as  a  great  geometri- 
cian thinks,  the  attraction  of  the  parts  of  matter  become 
negative,  and  changed  into  repulfion,  when  thefe  parts 
become  infinitely  fmall,  and  can  come  infinitely  near  to 
each  other ;  which  feems  very  probably  to  be  the  cafe  with 
the  particles  of  fire  ? 

We  have  not  fach  enough  to  decide  concerning  thefe 
different  opinions.  We  mall,  therefore,  confine  ourfelves 
to  investigate  the  efTential  properties  of  fire,  chiefly  thofe 
which  influence  moft  in  chemical  operations  and  chemical 
phenomena. 

Fire  can  with  great  facility  penetrate,  or  feparate  itfelf 
from,  any  body  however  denfe ;  that  is,  any  body  whatever 
may  be  heated  by  expofure  to  fire ;  or  cooled  to  its  former 
temperature,  by  removing  it  from  this  expofure. 

From  this  effect,  we  may  infer  the  infinite  fmallnefs  of 
the  integrant  parts  of  fire  ;  and  we  may  perceive  the  caufe  of 
its  equal  distribution  through  all  bodies,  v/hen  it  is  not  de- 
termined by  fome  particular  caufe  to  penetrate  one  body  in 
greater  quantity  than  another. 

In  fac~t,  all  fubftances  whatever,  which  are  placed  in  any 
given  degree  of  heat,  and  obliged  to  remain  there,  acquire 
precifely  the  fame  degree  of  heat.  This  fadt,  has  been 
afcertained  by  instruments  fit  for  meafuring  the  degrees  of 
heat. 

The  effects  which  the  fire  produces,  or  rather  heated 
bodies,  upon  our  fenfes,  are  fenfations  of  heat  and  light ; 
but  thefe  fenfations  are  not  excited  but  when  the  fire  is  in  a 
certain  quantity  ;  for  every  known  body  contains  a  certain 
portion  of  unccmbined  fire,  and  yet  not  any  body  which 
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is  not  lighted  or  ftrongly  heated,  excites  in  us  any  fenfation 
of  heat  or  light.  Befides,  in  certain  circumftances,  a  body 
may  appear  luminous,  although  it  has  no  more  fenfible 
heat  than  the  furrounding  bodies.  This  is  proved  br 
the  effects  of  feveral  phofphoric  bodies,  fuch  as  the  fcales 
of  fifh,  rotten  wood,  glow-worms;  all  which  mine  in  thz 
•dark,  although  no  more  heated  than  the  furrounding  bodies- 
Alfo  certain  fubftances  may  be  fo  penetrated  with  free  ani 
active  fire,  as  to  excite  fenfations  of  heat,  and  even  to 
burn,  although  they  do  not  appear  luminous  eVen  in  the 
dark.  Amongft  thefe  fubftances  are  ftones,  metals,  and 
even  water,  all  which  may  be  fo  heated  as  to  excite  pain, 
to  perfons  touching  them,  although  they  are  not  lumi- 
nous. 

Hence  we  ought  to  conclude,  that  the  fenfations  of  heat 
and  light  are  in  many  cafes  infufficient  to  prove  the  pre- 
fence  of  any  given  quantity  of  fire  in  bodies. 

We  ought  alfo  to  remark,  that  although  all  bodies 
penetrated  with  much  fire  are  neceffarily  hot  and  luminous^ 
heat,  and  not  light,  is  the  only  certain  fign  of  the  prefenoe 
of  fire.  The  reafon  of  this  is,  that  bodies  may  be  very 
luminous,  without  any  change  being  induced  into  any  of 
their  effential  qualities  in  thefe  two  contrary  ftates;  whereas 
the  difference  of  more  or  lefs  heat  produces  in  all  bodies 
alterations  of  their  properties  very  feniible  and  proportion- 
able to  the  difference  of  heat. 

Thefe  confiderations  feem  to  have  induced  fome  philo- 
fophers  to  imagine,  that  light  is  a  being  which  is^  indeed 
rendered  fenfible  by  fire,  but  diftinct  and  different  from  it. 
According  to  this  opinion,  heat  is  only  a  property  of  fire  ; 
whereas  light  is  a  diftinct  and  independant  fubftance.  This 
opinion  appears  to  be  even  demonftrated,  when  we  confider 
that  light  may  be  decompofed  by  refraction,  as  Newton's 
experiments  mew;  and  that  it  is  not,  as  pure  fire  is, 
capable  of  pervading  all  bodies,  is  proved  by  the  opacity  of 
many  bodies,  and  by  the  reflexion  of  light. 

However  that  may  be,  as  heat  occafions  more  or  lefs 
fenfible  changes  in  the  qualities  of  all  bodies;  and  as 
its  whole  action  by  which  it  influences  any  body  confifts 
in  the  fingle  quality,  or,  to  (peak  more  accurately,  the 
effential  fluidity  of  fire,  of  which  heat  is  only  an  effect  j 
we  ought  here  ocly  to  confider  the  general  effects  pro- 
duced by  fire  upon  alj.  bodies  by  heating  them  more  or 
lefs. 

Thefe 
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Thefe  effects,  although  diverfified,  depend  neverthelefs 
on  one  principle  and  primary  change  produced  upon  all 
bodies,  by  which  they  are  rarefied  or  made  to  occupy  a 
larger  fpace.  In  fact,  'every  folid  and  fluid  body,  when 
penetrated  by  a  greater  or  lefs  quantity  of  difengaged  fire, 
is  more  or  lefs  encreafed  or  diminiihed  in  fize  than  it  was 
before. 

This  principle  has  fuggefted  to  philofophers  feveral 
different  inftruments  by  which  this  dilatation  of  heated 
bodies,  or-rather  the  heat  which  is  the  caufe  of  it,  may  be 
meafured  ;  and  quantities  of  fire,  too  lmall  to  be  eftimated 
by  our  fenfes,  may  be  appreciated.  The  chief  of  thefe 
inftruments  is  the  Thermometer  ;  which  fee. 

As  bodies  are  dilated  by  fire,  their  fpecific  gravity  muft 
confequently  be  diminifhed,  and  the  adhefion  of  their  in- 
tegrant parts  muft  alfo  be  diminifhed.  See  Aggrega- 
tion, Integrant  Parts,  and  Gravity. 

Thefe  two  great  effects,  produced  by  fire  upon  all 
bodies,  are  the  moft  important  and  moft  neceffary  to  be 
confidered,  relatively  to  chemiftry.  We  may  indeed  fay, 
that  they  are  the  only  effects ;  for  excepting  combuftion, 
which  is  a  peculiar  property  of  inflammable  bodies,  every 
chemical  operation  is  performed  either  by  a  diminution  of 
fpecilic  gravity,  or  by  a  greater  or  lefs  disjunction  of  the 
integrant  parts  of  bodies,  as  we  fhall  fee. 

Some  fubftances  are  capable  of  a  greater  dilatation  or 
diminution  of  their  fpecific  gravity,  than  others,  by  fire. 
Thus  certain  matters  are  fo  much  rarefied  by  even  a  mode- 
rate heat,  that  they  feem  to  lofe  all  their  fpecific  gravity, 
or  become  at  leaft  fpecificauy  lighter  than  all  the  furround- 
ing  bodies  :  hence  thefe  fubftances,  when  heated  to  a  cer- 
tain degree,  are  raifed  as  bodies  would  be  without  gravity. 
All  fubftances  which  have  this  property  are  called  in  general 
volatile  fubftances.  See  Volatility.  Other  bodies  are  fo 
little  dilatable  by  fire,  relatively  to  their  denfity,  that  the 
greateft  heat  that  can  be  given  to  them  produces  an  aimoft 
infenfible  diminution  of  fpecific  gravity.  Thefe  are  called, 
from  their  being  aimoft  unalterable  in  this  refpedt  by  fire, 
fixed  be  dies.    See  Fixity. 

Hcr.cc,  if  we  expefe  to  fire  a  compound  body  contain- 
ing feme  fixed  and  feme  volatile  principles,  the  latter 
becoming  fpecifically  lighter  ought  to  rife  in  vapors,  and 
to  feparate  themfelves  from  the  former,  which  are  unalter- 
able in  this  refpect.  But  as  aimoft  all  compounds  contain 
principles  differing  fo  much  in  volatility  and  fixity,  that 
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fome  of  them  may  be  raifed  and  fublimed,  while  others 
fhall  remain  fixed  with  fome  given  degree  of  heat ;  we  may 
therefore,  by  heat  alone,  make  many  analyfes  and  decom- 
pofitions.  If,  for  example,  we  expofe  a  compound  of 
regulus  of  antimony,  which  is  a  volatile  femi-metal,  and 
of  gold,  which  is  a  fixed  metal,  to  a  heat  fo  ftrong  that  the 
volatility  of  the  regulus  of  antimony  mall  take  place  ;  then 
this  femi-metal,  being  raifed  by  its  acquired  levity,  will 
be  fublimed  in  vapors,  and  will  be  feparated  from  the  gold, 
which  will  remain  fixed  and  pure.  See  Distillation, 
Sublimation,  Evaporation, 

The  obfervation  we  have  juft  made  concerning  the 
changes  in  the  fpecific  gravity  of  bodies,  which  the  dilata- 
tion occafioned  by  heat  produces,  ought  alfo  to  be  applied 
to  the  diminution  of  the  adhefion  of  their  integrant  parts, 
which  is  an  effect  of  the  fame  caufe ;  for  if  a  body  be 
dilated  by  heat,  the  contiguity,  and  confequently  the 
adhefion,  of  its  integrant  parts  muft  be  diminifhed  :  but  in 
this  refpect  the  feveral  natural  fubftances  differ  very  much; 
for  the  integrant  parts  of  fome  bodies,  when  dilated  by 
heat,  are  fo  feparated  and  disjoined,  that  they  feem  no 
longer  to  cohere.  If  thefe  bodies  be  naturally  folid,  they 
become  fluid  when  they  are  penetrated  with  a  fufficient  quan- 
tity of  difengaged  fire,  and  are  called  fuftbh  bodies.  Thofe 
bodies,  the  integrant  parts  of  which  cannot  be  entirely  dif- 
joined  by  fire,  are  called  infufible  or  refractory :  but  as  the 
aggregation  of  a  body  is  broken  when  it  is  fufed,  and  as  this 
deftruction  of  aggregation  is  a  neceffary  condition  for  the 
combination  of  bodies  with  each  other ;  fire  therefore,  by 
rendering  folid  bodies  liquid,  has  influence  as  a  principal 
agent  in  all  combinations.  See  Combinations,  Solu- 
tions, Fusibility,  and  Refractory. 

As  all  chemical  operations  may  be  reduced  to  decompo- 
fitions  and  combinations,  fire  is  therefore  in  chemiftry, 
as  in  nature,  an  univerfal  agent.  Thus  we  know  that, 
although  decompofitions  and  analyfes  may  be  made  by  men- 
ftruums  without  any  more  than  the  natural  heat,  yet  as 
thefe  menftruums  can  only  act  when  rendered  fufficiently 
fluid  by  heat,  fire  therefore  acts  in  thefe  analyfes  as  necef- 
farily  as  in  thofe  which  are  occafioned  by  the  immediate 
application  of  heat. 

We  ought  to  obferve  concerning  this  fubject  of  the  vola- 
tility, fixity,  fufibility  and  infufibility  of  bodies,  firft,  fhat 
all  thefe  qualities  are  properly  only  relative.  Not  any 
body  is  entirely  fixed  and  infufible  [  and  thofe  which  we 
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confider  as  fuch  would  be  reduced  into  vapors,  as  volatile 
bodies  are,  if  they  were  expofed  to  a  heat  infinitely  ftronger 
than  any  we  can  excite.  Thus  a  body  will  appear  fixed, 
or  infufible,  when  compared  with  other  very  volatile  and 
verv  fufible  fubftances;  while  it  fhall  be  confidered  as  vola- 
tile or  fufible,  when  compared  with  others  more  fixed  and 
lefs  fufible. 

In  the  fecond  place,  as  volatility  and  fufibility  are  effects  of 
one  and  the  fame  caufe,  namely,  of  the  dilatation  occafioned 
by  the  prefence  of  a  certain  quantity  of  uncombined  fire  in  bo- 
dies, thefe  two  qualities  are  properly  the  fame,  in  more  or  lefs 
eminent  degrees  ;  and  in  this  fenfe,  volatility  ought  only  to  be 
confidered  as  the  higheft  degree  of  fufibility.  Accordingly, 
fubftances  which  are  habitually  liquid,  and  which  ought 
therefore  to  be  confidered  as  the  moft  fufible,  are  all  very 
volatile,  and  may  be  raifed  into  vapors  with  very  little 
heat  ;  while,  on  the  contrary,  matters  that  are  hard,  and 
not  very  dilatable  ;  thofe,  in  fhort,  the  aggregation  of  whofe 
parts  is  the  hrmeft  and  moft  difficultly  to  be  broken,  and 
which  are  therefore  the  leaft  fufible,  are  alfo  the  moft  fixed. 

The  aggregation  of  all  bodies,  when  reduced  into  vapors 
or  fufed,  is  broken  ;  but  more  fo  when  reduced  into  vapors, 
than  when  merely  fufed.  Accordingly,  the  moft  effectual 
of  all  methods  for  combining  fubftances  which  cannot  be 
eafily  united,  or  which  cannot  be  joined  while  the  aggre- 
gation of  one  of  them  is  fenfibly  preferved,  is,  if  poffibls, 
to  reduce  them  into  vapors,  and  to  make  thefe  vapors 
meet. 

All  the  effects  which  fire  produces,  as  an  agent  in  che- 
mical operations,  are  reducible,  as  we  fee,  to  thofe  w# 
have  mentioned.  The  quantity  of  uncombined  fire  which 
flows  perpetually  from  the  fun,  and  diffufes  itfelf  through 
all  its  fphere,  is  fufficient  to  produce  all  the  feparations 
and  combinations  which  we  daily  fee  effected  by  nature  : 
but  as  the  heat  caufed  by  the  fun  is  very  limited,  chemiftry 
would  be  confined  aimoft  to  the  contemplation  of  natural 
operations,  if  we  had  not  methods  by  which  pure  and  un- 
combined fire  may  be  made  to  enter  bodies,  or  to  quit 
them  in  greater  or  lefs  quantities. 

The  methods  of  encreafing  the  quantity  or  the  activity 
of  uncombined  fire  in  bodies,  may  be  comprehended  in  the 
following  three : 

Firft,  by  concave  mirrors  and  by  convex  glarTes,  a  num- 
ber of  the  rays  of  the  fun,  proportionate  to  the  fize  and 
good  quality  of  the  inftruments,  may  be  collected  into 
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«ne  point,  called  the  focus.  Bodies  expofed  to  fuch  a  focu3 
are  penetrated  with  an  infinitely  greater  quantity  of  uncom- 
bined  and  active  fire  than  they  have  naturally.  They  are 
then  ignited,  inflamed,  dilated,  fufed,  or  volatilifed,  ac- 
cording to  their  particular  natures.  The  heat  of  fuch  a 
focus  is  the  greater!:  that  art  has  produced.  It  is  even  ex- 
ceedingly too  ftrong  for  moll  chemical  operations,  and* 
ought  to  be  applied  to  the  moft  fixed  and  refractory  bodies 
only.  As  fuch  a  focus  is  alfo  very  fmall  and  inconvenient 
for  the  performance  of  any  operation,  and  as  large  mirrors 
and  lenfes  are  very  rare  and  dear,  this  fire  is  not  much 
ufed  for  chemical  operations.  Neverthelefs,  feveral  very 
important  chemical  experiments  were  performed  by  collect- 
ed folar  heat ;  as  the  decompofition  of  gold,  pubiifhed  by 
Homberg,  if  it  be  true ;  the  fuiion  of  platina,  by  Mcffrs. 
Macquer  and  Beaume  ;  and  of  feveral  other  bodies  which 
could  not  be  fufed  by  other  fires,  without  addition  of  other 
fubftances,  by  other  chemifts,  at  different  times. 

Secondly,  experience  has  long  ago  taught  us,  and 
even  the  moft  ignorant  nations  know,  chat  heat  and  all 
the  effects  of  fire  may  be  occafioned  by  friction  and  per- 
cuflion  of  hard  bodies.  The  heat  excited  by  this  method 
may  be  very  confidera*ble,  and  even  comparable  to  that  of 
collected  folar  fire.  It  is  in  general  propo.  r  Die  to  the 
force,  rapidity,  intenfity  of  friction  and  of  percuffion,  and 
to  the  hardnefs  of  the  bodies  rubbed  or  ftruck.  This  heat 
is  alfo  not  much  ufed  in  chemical  operations  :  it,  however, 
frequently  occurs  in  many  chemical  experiment,  as  in 
fermentations,  efFervefccnces,  and  folutions.  It  occurs 
whenever  bodies  unite  together  ;  and  is  proportionable  tQ 
the  rapidity  and  force  with  which  they  act  upon  each  other. 
It  is  produced  by  the  friction  and  collifion  of  th^ir  inte- 
grant parts  ;  which  fhews,  that  the  primary  integrant  parts 
are  exceedingly  hard,  even  in  bodies  generally  foft  or 
fluid ;  for  thefe  fubftances,  when  diflfolving,  produce  as 
much  heat  as  thofe  which  are  moft  hard,  and  whofe  ag- 
gregation is  moft  firm. 

The  third  caufe  which  produces  or  excites  heat  is  the 
combuftion  of  compound  bodies,  in  the  combination  of 
which  fire  enters  as  an  element  or  principle,  and  which  are 
therefore  called  inflammable  or  combuftible  bodies. 

The  principal  phenomenon  prefented  by  thefe  bodies  is, 
that  by  mere  contact  with  any  other  body,  inflammable  or 
pot,  but  which  is  ignited,  they  are  kindled,  inflamed, 
give  much  heat  and  light ;  in  a  word,  produce  all  the  fame 
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effects  as  the  collected  folar  heat,  or  the  allifions  of  hard 
bodies.  This  continues  till  the  whole  fubftance  of  fire, 
which  entered  into  their  compofition,  and  which  was  inac- 
tive, has  relumed  all  the  activity  of  pure  and  uncombined 
fire,  and  is  entirely  diffipated. 

This  inflammation  of  combuftible  bodies  is  undoubtedly 
one  of  the  greateft  and  moft  aftonifhing  phenomena  of  na- 
ture :  but  it  is  alfo  one  of  the  moll:  difficult  to  be  conceived. 
We  cannot  expect  to  underftand  it  well,  till  we  know, 
better  than  we  do  at  prefent,  the  eflen.e  and  true  Hate  of 
fire  when  combined,  and  conftituting  a  principle  of  the 
bodies  containing  it,  called  phlogiflon.    See  Phlogiston. 

We  muft  obferve  at  prefent,  that  as  the  combuftion  of 
inflammable  bodies  produces  all  the  effects  of  fire,  pure, 
uncombined,  and  active  ;  it  is  alfo  the  moft  convenient 
method  by  which  fire  can  be  applied  by  chemifts  to  fe- 
veral  bodies. 

The  moft  common  inflammable  fubftances,  fuchaswood, 
foffil  coal,  charcoal,  are  moft  generally  employed  in  che- 
miftry,  in  the  arts,  and  in  the  ordinary  purpofes  of  life, 
in  all  operations  where  fire  is  requifite. 

As  chemifts  have  occafion  to  employ  all  the  feveral  de- 
grees of  heat,  from  the  weakeft  to  the  ftrongeft,  they  have 
difcovered  methods  of  applying  any  required  degree  through 
intermediate  fubftances,  and  ftill  better  by  the  difpofition 
and  conftruction  of  furnaces,  in  which  the  combuftible 
matters,  and  thofe  to  which  the  fire  is  intended  to  be  ap- 
plied, are  contained.  See  upon  this  fubjecl  Baths,  Com- 
bustion, Furnaces. 

FISH,  (c) 

FIXITY.  Fixity  is  a  property,  by  which  a  body  re- 
fills the  action  of  fire,  without  being  raifed  and  diffipated 
in  vapors.    It  is  the  oppofite  quality  to  volatility. 

The  degree  of  refiftance  which  a  body  ought  to  give  to 
fire,  to  entitle  it  to  the  character  of  being  fixed,  is  not 
determined.  Thus  fubftances  are  confidered  to  be  fixed 
almoft  always  relatively  to  others  which  are  lefs  fixed. 

(c)  Fish.  Neuman  obtained  from  lixteen  ounces  of  filh  ana- 
lysed by  diftillation,  thirteen  ounces  two  drams  and  a  half  of  vo- 
latile alkaline  fpirit,  live  drams  of  concrete  fait,  three  drams  of 
oil,  and  an  ounce  four  drams  and  a  half  of  refiduum,  from  which, 
by  calcination  and  eiixation,  twenty-five  grains  of  faline  matter 
•were  extracted.  The  proportion  of  volatile  fait  thus  obtained 
frojB  (&  k  coa&terably  greater  than  that  from  fleih. 

As 
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As  we  do  not  know  the  ultimate  degrees  of  the  activity 
of  fire,  we  cannot  fay  whether  any  bodies  in  nature  be 
capable  of  refitting  this  extreme  degree  of  lire  without 
fublimation,  or  be  abfolutely  fixed. 

Thofe  fubftances,  however,  are  generally  confidered  by 
chemifts  as  abfolutely  fixed,  which  lofe  nothing  of  their 
quantity  by  expofure  to  the  moft  intenfe  heat  which  they 
can  produce.  The  pureft  and  fimpleft  earthy  principle  is  a 
fubftance  of  this  kind,  and  is  perhaps  the  only  one  which 
can  be  confidered  as  naturally  fixed,  and  is  the  principle  of 
fixity  of  all  the  reft. 

Chemifts  commonly  call  many  fubftances  fixed,  which 
do  not  deferve  that  name,  but  comparatively  with  others, 
as  we  have  already  mentioned.  In  this  fenfe,  for  inftance, 
vitriolic  acid  is  fometimes  called  a  fixed  acid,  by  which  is 
only  meant  that  it  is  lefs  volatile  than  others.  For  the 
fame  reafon,  regulus  of  antimony,  and  other  femi-metals, 
may  be  confidered  as  fixed  fubftances  when  compared  with 
eflential  oils  and  ether,  particularly  in  operations  where 
they  remain  fixed,  when  expofed  to  a  heat  fufHcient  to 
evaporate  eflential  oils  or  ether ;  whereas  thefe  femi-mctals 
may  be  confidered  as  volatile,  when  compared  with  metals 
properly  fo  called. 

The  fixity  of  bodies  feems  certainly  to  proceed  from  their 
little  dilatability  by  fire  ;  and  this  defect  of  dilatability  is 
occafioned  by  the  attraction  or  adhefion  of  the  integrant 
parts  of  thefe  bodies.    See  Fire  and  Volatility. 

FLAME.  Flame  is  a  collection  of  vapors  of  com- 
buftible  bodies  actually  burning,  and  which  are  themfelves 
in  the  motion  of  combuftion.  (d) 

As 

{d)  Flame  is  generally  faid  to  be  an  ignited  vapor,  or  red- 
hot  fmoke.  Neverthelefs,  Flame,  Vapor,  and  Smoke,  are  things 
diftincl:  from  each  other,  and  ought  not  to  be  confounded  toge- 
ther. We  (hall  endeavour  to  defcribe  and  dillinguifh  thefe  :  and 
firft,  of  Vapor. 

By  the  action  of  certain  determinate  degrees  of  heat,  with  or 
without  accefs  of  air,  all  liquid  and  fome  concrete  bodies  are  fo 
dilated,  as  to  occupy  a  much  larger  fpace  than  before  this  expo- 
fure to  thefe  determinate  degrees  of  heat ;  acquire  a  confiderable 
expanfive  power,  or  elailicity ;  and  become  tranfparent  and  in- 
visible. They  are  then  properly  vapors.  This  ftate  they  retain 
while  expofed  to  the  fame  heat  by  which  it  was  produced  ;  but 
by  application  of  cold,  they  are  condenfible  into  palpable  fub- 
ftances, fimilar  to  thofe  from  which  they  were  formed,  if  th^y  hap- 

C  c  3  j>ened 


FLA   M  E 

.  As  bodies  cannot  burn  but  by  touching  immediately  the 
air,  and  as  for  this  reafon  they  only  burn  at  their  furface, 
flame,  which  is  the  only  truly  burning  part  of  bodies  which 
appear  in  actual  combuftion,  is  always  at  their  furface.  It 
is  luminous  and  ardent  throughout  its  whole  thicknefs,  be- 
caufe it  is  only  a  mafs  of  adjacent,  but  difunited  inflam- 
mable 

penedto  confift  of  homogeneal, parts,  as  water  and  mercury  do  ;  or 
they  are  condenfible  into  palpable  fubftances  which  are  the  consti- 
tuent parts  of  the  bodies  fubjected  to  heat,  if  thefe  bodies  hap- 
pened to  confift  of  parts  not  homogeneal,  as  plants  do  of  water  and 
eflentialoil.  If  the  vapor  confiits  of  inflammable  parts,  it  may  be 
kindled  by  contact  with  any  ignited  body ;  by  which  means,  to- 
gether with  accefs  of  air  or  nitrous  acid,  it  may  be  made  to  un- 
dergo thofe  effects  which  are  produced  upon  all  bodies  during 
their  combuftion,  namely,  the  decompofition  of  its  parts,  the  dif- 
fipation  of  its  phlogifton,  and  emiffion  of  heat  and  light :  but  va- 
por thus  ignited,  rendered  vifible,  and  in  the  aft  of  combuftion, 
by  accefs  of  air,  or  nitrous  acid,  is  flame.  This  flame,  or  vapor 
decompoling  by  combuftion,  is  net  condenfible,  as  we  may  eafily 
conceive,  into  fuch  palpable  fubftances  as  the  undecompofed  va- 
por is ;  but  into  fome  only  of  the  conftituent  parts  of  thefe  fub- 
ftances, the  reft  being  altered  by  the  combuftion.  Thus  the  vapor 
of  fpirit  of  wine  is  again  condenfible  intofpirit  of  wine  ;  but  from 
the  flame  of  fpirit  of  wine  little  can  be  obtained  by  condenfation 
but  the  water,  which  was  one  of  the  conftituent  parts  of  that 
fpirit ;  the  other  parts,  efpecially  the  phlogifton,  being  deftroyed 
by  the  combuftion,  that  is,  combined  with  the  air  which  aflifted 
the  inflammation. 

Not  only  the  vapor  of  an  inflammable  body,  but  alfo  the  inflam- 
mable body  itfelf,  without  being  previoufly  changed  into  vapor, 
may  by  contact  with  an  ignited  body,  or  any  other  mode  of  applica- 
tion of  heat,  as  friction,  percuflion,  &c.  together  with  accefs  of  air  or 
nitrous  acid,  emit  a  flame,  which  confifts,  as  in  the  former  cafe,  of 
particles  flying  off  from  that  body  in  the  act  of  combuftion.  Thus,  by 
applying  a  hot  iron  to  fulphur,  we  may  fee  a  flame  immediately  pro- 
duced upon  the  furface  of  th;  fulphur.  We  may  eafily  conceive 
that  bodies  thus  kindled  can  only  flame  at  their  iurfaces,  becaufe 
there  only  they  are  contiguous  to  air  :  but  when  nitre  is  intimate- 
ly mixed  with  the  inflammable  fubftance,  as  in  gun-powder,  the 
whole  fubftance,  its  interior  as  well  as  its  exterior  parts  are  in- 
ftantly  inflamed  ;  becaufe  the  nitrous  acid  has,  like  air,  the  pro- 
perty of  maintaining  combuftion.  Hence  alfo  we  may  eafiiy  con- 
ceive why  the  external  furface  of  a  flame,  by  being  contiguous 
with  air,  is  much  hotter  than  its  internal  parts,  as  may  eafily  be 
ftiewn  by  applying  any  fubftance,  alterable  by  heat,  alternately 
to  the  exterior  and  interior  parts  of  the  flame  of  a  candle  ;  and 
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ttiable  parts,  which,  touching  the  air  on  every  fide,  burn 
altogether  and  throughout  their  whole  fubftance. 

No  combuftible  body  really  burns  without  flame.  Thofe, 
indeed,  whofe  inflammable  principle  is  firmly  united  with 
a  great  quantity  of  incombuftible  matter,  fuch  as  charcoal 
or  aflies  almofr.  entirely  burnt,  and  moft  metals,  feem  to 
be  confumed  without  fenfible  flame  ;  but  this  appearance 
do°s  not  impofe  upon  an  accurate  obferver.  The  appear- 
ance of  a  body  which  really  burns  is  very  different  from 

when  a  vapor  of  a  con  fider able  diameter,  as  of  a  foot  or  eighteen 
inches,  is  kindled,  and  the  combuilion  is  maintained  only  by  the 
air  contiguous  to  it,  as  when  the  vapor  ifluing  at  the  upper  moutk 
of  a  furnace  for  fmelting  iron  ore  is  kindled  by  contact,  of  any  ig- 
nited body,  the  flame  will  then  be  found  to  have  a  thicknef* 
only  of  an  inch  or  two,  while  the  vapor  near  the  center,  furrounded 
by  this  flame,  is  not  inflamed,  as  appears  from  paper  or  other 
eafily  combuftible  matter  being  held  in  it  without  being  kindled. 

Smoke  confifts  of  palpable  particles,  elevated  by  means  of  the 
rarefying  heat,  or  by  the  force  of  the  afcending  current  of  air, 
from  bodies  expofed  to  heat.  Thefe  particles  vary  much  in  their 
properties  according  to  the  fubftances  from  which  they  were  pro- 
duced. Vapors  alfo  rifing  from  heated  bodies,  when  condenfed 
by  the  coldnefs  of  air  or  other  contiguous  bodies,  become  palpa- 
ble, and  therefore  have  the  appearance,  and  may  be  considered 
as  fmoke.  The  fmoke  arifing  from  combuftible  bodies  con  fills  of 
parts,  fome  of  which  are  generally  combuftible,  but  fo  difficultly 
combuftible,  that  a  greater  heat  is  required  than  they  poflefs 
while  they  are  fmoke,  to  effect  their  combuilion.  The  flame 
alfo  of  combuitible  bodies  may  be  fo  cooled  by  the  application  of 
cold  air,  or  other  cold  fubitances,  as  that  the  combuftion  of  the 
particles  compofing  it  fliall  be  checked,  and  thefe  particles  ihall 
become  fmoke.  Thus  the  flame  of  a  candle  is,  by  the  coldnefs 
of  the  air,  diminished  more  and  more  as  it  rifes  higher,  till  at 
laft  it  is  extinguished,  before  all  its  inflammable  parts  are  con- 
fumed,  and  accordingly  its  point  terminates  in  fmoke. 

The  fmoke  of  burning  inflammable  fubftances,  when  collected, 
is  called  foot.  The  fmoke  of  uninflammable  fubftances,  or  of  in- 
flammable fubftances  not  expofed  to  air,  and  confequently  not 
burning,  confifts  of  the  fubitances  not  altered  or  decompofed, 
but  only  divided,  as  the  flowers  of  fulphur  raifed  by  heat  in  clofe 
veflels,  and  the  flowers  of  fal  ammoniac  ;  or  it  confifts  of  parts 
of  thefe  fubftances  decompofed  merely  by  heat,  and  not  by  com- 
buition ;  as  the  flowers  of  fulphur  and  of  arfenic,  from  the  mi- 
neral containing  thefe  called  pyrites,  expofed  to  heat  in  clofe 
veflels  ;  and  the  flowers  of  benzoin,  fublimed  by  heat  from  the 
r-efia  of  that  name. 
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fchat  of  a  body  which  is  only  made  red-hot,  by  being  pene- 
trated with  a  fire  proceeding  from  fome  other  fubltance, 
which  does  not  itfelf  burn.  Let  a  bar  of  iron  be  compared 
with  a  flint,  when  both  are  taken  out  of  a  fire  fo  intenfe  as  to 
give  to  each  of  them  a  white  heat,  and  the  furface  of  the  metal 
will  feem  covered  over  with  a  fmall  flame,  which  is  indeed 
very  low,  but  bright  and  fparkling ;  while  nothing  fimilar 
will  appear  on  the  furface  of  the  flint.  Belides,  the  flint 
will  lofe  its  vivid  color  much  fooner  than  the  iron.  If  we 
obferve  lead  while  it  is  fcorified  in  a  cupel  under  a  muffle,  we 
IhaU  fee  in  a  linking  manner  that  the  metal  mall  be  much 
more  ardent  and  luminous  than  the  Cupel,  although  thefe 
two  bodies  are  expofed  precifely  to  the  fame  degree  of  heat ; 
but  this  difference  can  certainly  proceed  only  from  the  fmall 
flame  which  neceffarily  accompanies  the  combuftion  of  the 
metal  ;  while  the  cupel  which  contains  no  combuftible 
principle,  and  which  confequently  cannot  burn,  does  not 
exhibit  any  fuch  appearaiice. 

All  bodies,  therefore,  which  do  really  burn^  feem  to  burn 
with  flame;  but  the  flames  proceeding  from ,  the  different 
combuftible  bodies,  differ  very  much  from  each  other,  ac- 
cording to  the  nature  of  thefe  bodies,  and  to  the  particular 
ftate  of  their  phlogifton.  I  do  not  know  whether  the  flame 
of  any  combuftible  body  be  entirely  pure.  Such  a  llama 
would  be  nothing  elfe  than  phlogifton  feparated  from  all  other 
fubilances  reduced  into  vapor,  and  actually  ignited.  The 
'  flames  of  rectified  fpirit  of  wine  and  of  perfect  coal  feem  to 
be  the  purefr  of  all,  becaufe  they  are  accompanied  with  no 
fmoke  nor  fuliginous  matter.  Neverthelefs,  the  flame  of 
fpirit  of  wine  is  accompanied  with  much  water.  See  Spirit 
6f  Wine.  All  other  flames  are  evidently  mixed  with  hete- 
rogeneous fubfbnces,  which  difcover  themfelves  by  dif- 
ferent qualities. 

The  leal!  pure  of  all  flames  is  that  of  oils  and  of  all  oily 
matters,  becaufe  it  proceeds  from  very  compound  bodies. 
This  flame  is  always  mixed  not  only  with  all  the  volatile 
principles  of  the  oil,  or  oily  body,  but  alfo  with  a  confidera- 
ble  quantity  of  the  fixed  principles  which  are  raifed  by  the 
deflagration.  Befides,  although  it  is  confiderably  luminous, 
all  the  phlodfton  which  it  contains  is  not  burnt  :  a  portion 
of  it  remains  combined  in  the  ftate  of  coal  with  earth. 
Kence  the  flame  of  all  oils  is  accompanied  with  a  fuliginous 
fmoke,  which  blackens  bodies  that  it  touches.  As  this  pro- 
perty belongs  to  the  flames  of  all  oils  and  oily  matters,  and 
to  none  eife,  it  is  a  mark  by  which  we  may  difcover  whe- 
ther 
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ther  the  phlogifton  of  any  body  be  in  an  oily  ftate.  See 
Oil,  Fulicinosity,  Smoke,  and  Soot. 

The  flame  of  metals  is  alfo  accompanied  with  a  fenfible 
fmoke,  which  is  even  very  confiderable  and  thick  in  cer- 
tain metals.  But  this  flame  does  not,  like  that  of  oils, 
blacken  fubfrances  which  it  touches  ^  becaufe  metals  are 
not  in  an  oily  ftate.    See  Metals. 

Laftly,  the  flame  of  fulphur  would  be  very  pure,  if  it  v/as 
not  for  the  vitriolic  acid,  a  large  quantity  of  which  is 
mixed  with  it.  Perhaps  the  flame  of  this  compound  would 
be  very  pure,  if  the  fulphur  was  previouily  mixt  with  fixed 
alkali  to  abforb  the  acid,  in  Stahl'p  manner,  and  if  it  was 
made  to  burn  lb  weakly  as  not  to  be  capable  of  kindling 
combuftible  bodies.    See  Sulphur.  , 

FLINTS.    &*Earths  (Vitrifiable).  (e) 

FLOWERS.  By  this  name  is  generally  underftood 
bodies  reduced  into  very  fine  parts,  either  fpontaneoufly, 
or  by  fome  operation  of  art ;  but  it  is  applied  chiefly  to 
volatile  folid  fubftances,  reduced  into  very  fine  parts,  or 
into  a  kind  of  meal  by  fublimation. 

Some  flowers  are  nothing  elfe  than  the  bodies  themfelves, 
which  are  fublimed  entire,  without  fufFering  any  alteration 
or  decompofition  :  and  other  flowers  are  fome  of  the  con- 

(e)  Flints  are  femi-tranfp. Trent  or  opake  ftones,  generally 
of  a  roundilh  form,  and  covered,  with  a  white  cruft,  of  a  fmooth, 
Hniform,  mining  texture,  fo  hard  as  to  ftrike  fire  with  fteel ;  cal- 
cinable  by  nre,  ib  as  to  become  white,  brittle,  and,  according  to 
Henckel,  heavier  than  before  calcination  ;  not  foluble  by  acids  ; 
and  vitrifiable  only  by  the  very  violent  heat  of  the  largeit  fpecu- 
lums,  fuch  as  that  of  Vilette,  and  not  even  by  the  focus  of  a  lens 
of  Tfchirnhaus,  according  to  an  experiment  of  Neuman.  They 
are  found  generally  in  beds  of  chalk  and  of  fand,  but  never  form- 
ing entire  ftrata  of  rock,  as  jafper  does.  By  long  expofure  to 
air  and  to  the  fun,  they  feem  to  decay,  to  lofe  their  luitre,  their 
firmnefs  of  texture,  and  to  be  changed  to  a  white  calcareous 
earth  or  chalk.  Hence  they  are  almoft  always  found  covered 
with  a  white  chalky  crufl.  They  are  alfo  convertible  into  calca- 
reous earth  by  fufion,  or  vitrification  with  fo  much  fixed  alkali, 
that  they  mall  refolve  into  a  liquid  mafs  called  the  liquamen  of 
flints,  and  by  precipitation  from  the  fixed  alkali  by  means  of 
acids.         Liquor  of  Flints. 

Flints  are  of  the  ciafs  of  earths  called  vitrifiable,  becaufe  thefe 
earths  are  generally  employed,  together  with  fixed  alkali,  as  ma- 
terials in  the  making  of  glafs.  tee  Glass,  and  Earths  (Vi- 
trifiable). 
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fthuent  parts  of  the  body  fubjeclcd  to  fublimation,  as  rte 
fhall  fee  in  the  following  articles,  when  we  define  the  prin- 
cipal matters  diftinguifhed  by  the  name  of  flowers. 

FLOWERS  of  ANT  I  MO  NY.  Antimony,  which 
is  a  mineral  compofed  of  the  femi-metal  called  regulus  of 
antimony  and  fulphur,  is  entirely  volatile,  and  capable  of 
being  fublimed  into  flowers. 

To  make  flowers  of  antimony,  an  earthen  pot  or  large 
crucible,  in  the  upper  and  lateral  part  of  which  is  an  open- 
ing, is  placed  in  a  furnace,  and  three  or  four  aludels  are 
fitted  to  it.  The  pot  is  to  be  made  red-hot,  and  powdered 
antimony  is  to  be  throwvi  into  it  through  the  lateral  open- 
ings and  the  fublimatipn  is  then  to  be  made.  Thefe  pro- 
jections of  antimony  are  to  be  repeated  till  the  operator 
judges  that  the  inner  furface  of  the  aludels  is  fufficiently 
covered  with  flowers,  which  are  to  be  detached  from  thence 
with  a  feather. 

The  veflels  employed  for  this  fublimation  muft  not  be 
cxafHy  clofed,  for  two  reafons  y  firfr,  that  accefs  of  air 
favours  and  accelerates  all  fublimations,  and  particularly 
this.  Lcmery  obferves  juftly,  that  the  operation  is  accele- 
rated greatly  by  directing  a  blaft  of  wind  upon  the  furface 
of  the  antimony.  In  the  fecond  place,  if  the  veflels  were 
perfectly  clofed,  they  would  burft  by  the  expanfion  of  the 
vapors,  or  of  the  contained  air. 

Although  ail  flowers  of  antimony  be  compofed  of  regulus 
of  antimony  and  of  fulphur,  as  the  antimony  itfelf  is,  they 
neverthelefs  differ  from  it  eflentially  in  many  refpe&s. 
They  have  not  the  fame  metallic  brilliancy.  Their  cqlor 
is  different  fhades  of  white,  grey,  and  yellow.  They 
**:re  powerfully  emetic.  Thefe  differences  prove,  that  anti- 
mony fuftains  a  confiderabie  alteration  by  this  fublimation. 
This  alteration  confifts  in  the  diminifhing  the  connexion 
betwixt  the  fulphur  and  the  regulus  of  antimony. 

The  difference  of  colors  in  flowers  of  antimony  proceeds 
from  the  variable  action  of  the  fire  and  of  the  air  upon  this 
mineral  during  the  operation.  Probably  the  emetic  quality 
of  flowers  of  different  colors  alfo  differs.  But  this  dif- 
ference has  not  been  obferved,  as  the  flowers  of  antimony 
have  not  been  much  employed,  becaufe  of  their  uncer- 
tainty. 

RED  FLOWERS  of  ANTIMONY.  Lemery 
gives  a  procefs  for  making  the  red  flowers  of  antimony.  ^  It 
Confifts  in  diililling  eight  ounces  of  antimony,  mixed  with 
fourteen  ounce*  of  fal  ammoniac,  or  of  flowers  of  fal  am- 
moniac. 
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inoniac.    Some  volatile  alkali  is  raifed  from  the  fal  ammo- 
niac, and  red  flowers  are  fublimed. 

The  portion  of  volatile  alkali  which  rifes  in  this  opera- 
tion is  difengaged  by  the  reguline  part  of  antimony  j  and  as 
one  part  of  this  volatile  alkali  a<5ts  at  once  upon  the  ful- 
phur  and  upon  the  regulus  of  antimony,  an  antiinoniated 
.volatile  liver  of  fulphur  is  formed.  Thefe  red  flowers  are  a 
kind  of  kermes,  and  differ  from  the  ordinary  kermes  in 
having  a  volatile  inftead  of  a  fixed  alkali.  They  are  emetic, 
purgative,  diaphoretic,  incifive,  &c.  as  kermes  is,  and 
may  be  given  in  the  fame  dole  as  kermes  is ;  but  are  feldom 
ufed.  However,  a  kermes  made  with  volatile  alkali  may 
have  peculiar  virtues,  and  deferves^the  attention  of  phyfi- 
cians  ;  but  in  this  cafe  it  ought  to  be  prepared  in  a  more 
ceriain  manner,  bv  employing  uncombined  volatile  alkali. 

^LOWERS  (ARGENTINE)  of  REGULUS 
©/"ANTIMONY.  To  make  thefe  flowers,  regulus  of 
antimony  is  put  into  an  unvarnifhed  earthen  pot,  which  is 
to  lie  placed  in  a  nirnace  fo  that  its  bottom  maybe  red-hot, 
while  its  upptr  part  mall  bt  much  colder.  The  pot  is  to  be 
covered  with  a  lid,  without  luting  it,  and  heat  is  to  be 
applied  during  an  hour  or  more.  When  the  pot  is  cold, 
its  internal  furface,  and  alfo  the  remaining  part  of  the 
regulus,  is  found  covered  with  white  flowers,  in  form  of 
beautiful,  tranfparent,  and  mining  needles.  Thefe  flowers 
are  to  be  gathered  with  a  feather.  After  this,  a  fecond 
fublimation  may  be  commenced,  and  managed  as  the 
former  was ;  and  thus  the  whole  regulus  may  be  changed 
into  flowers,  which  requires  much  time. 

Lemery  directs  that  a  fmall  lid  or  diaphragm  (hall  be 
'placed  within  the  pot,  at  the  height  of  three  or  four  fingers 
thicknefs  above  the  regulus.  But  this  appe'ars  to  be  un- 
neceffary.  Mr.  Beaume  does  not  ufe  this  fecond  lid. 
He  only  inclines  the  pot  fo,  that  all  the  upper  part  of  it 
fhall  be  out  of  the  furnace.  He  makes  the  bottom  of  it 
very  hot ;  and  thus  obtains  a  large  quantity  of  flowers. 

Thefe  flowers  appear  to  be  nothing  elfe  than  the  earth  of 
regulus  of  antimony  deprived  of  almoft  all  its  phlogifton. 
They  are  not  emetic  nor  purgative.  They  are  not  very 
volatile,  and  cannot  eafily  be  reduced  into  regulus.  They 
are  foluble  in  aqua  regia.  All  thefe  properties,  together 
with  their  remaining  degree  of  volatility,  mew  that  they 
contain  fome  inflammable  principle.  They  have  alfo  con- 
fiderable  marks  of  a  faline  fubftance.  They  have  not  only 
the  appearance  of  a  cryftallized  fait,  but  are  alfo  entirely 
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foluble  in  water,  as  Mr.  Beaume  obferves  ;  although  a  large 
quantity  of  water,  which  muft  alfo  be  boiling,  is  required 
for  that  purpofe.  Eight  ounces  of  boiling  water  are 
capable  of  diflblving  half  a  grain  of  thefe  flowers.  From 
this  property  we  may  fufpecr.  that  regulus  of  antimony  con- 
tains a  faline  matter  as  one  of  its  conftituent  parts,  which 
is  conformable  to  the  opinion  of  fome  chemifts  concerning 
falts  and  metals. 

Neverthelefs,  if  we  conflder  that  regulus  of  antimony 
cannot  be  deprived  of  all  the  fulphur  with  which  it  is  united 
in  its  mineral  ftate,  we  may  fuppofe  that  part  of  the  acid  of 
fulphur  may,  by  uniting  with  the  earth  of  the  regulus  of 
antimony,  give  the  faline  qualities  to  the  flowers  of  this 
metallic  jubilance, 

FLOWERS  of  ARSENI C.  The  white  flowers  of 
arfenic  are  nothing  but  white  arfenic  itfelf ;  which  being  a 
volatile  fubilance,  unalterable  by  fublimation,  may  be 
raifed  altogether,  without  any  change. 

Flowers  of  arfenic  are  made,  as  all  other  flowers  are,  by 
fubliming  arfenic.    See  Sublimation. 

We  ought  to  obferve  that  they  are  not  perfectly  white, 
unlefs  the  arfenic  from  which  they  have  been  fublimed  has 
been  perfectly  dephlogifiicated  and  white.  If  the  arfenic 
which  is  fublimed  be  mixed  with  a  little  fulphur,  the 
flowers  will  -be  more  or  lefs  yellow,  or  red,  according  to 
the  quantity  of  fulphur  which  is  fublimed  along  with  them. 
If  the  arfenic  be  in  a  reguline  ftate,  or  conliderably  phlo- 
gifticated,  its  flowers  will  be  more  or  lefs  greyifh  or  brown. 
Hence  we  fee  veins  of  thefe  different  colors  among  the 
arfenic  which  is  found  in  commerce,  and  which  is  ob- 
tained by  fublimation  in  great  works  from  arfenical  mi- 
nerals. 

As  arfenic  is  very  fufible,  when  thefe  flowers  fix  them- 
felves  to  any  fubftance  confiderably  heated,  they  fuffer  a 
kind  of  fufion,  are  agglutinated  together,  and  form  the 
denfe,  compact,  heavy,  mining  mafies  which  are  in  the 
ihops  of  druggifts.  The  nature  and  properties  of  flowers 
of  arfenic  do  not  differ  from  thofe  of  arfenic.   See  Arsenic. 

FLOWERS  of  BENJAMIN,  or  BENZOIN. 
To  make  flowers  of  benjamin,  let  a  quantity  of  benjamin 
be  put  into  a  varnifhed  earthen  pan,  which  is  to  be  covered 
with  another  inverted  pan  of  ftone  ware.  The  edges  of 
thefe  two  pans  ought  to  have  been  ground  upon  a  flone,  fo 
that  they  fit  well  to  each  other.  They  are  to  be  luted  to- 
gether with  paper  dipped  in  pafte.  The  earthen  pan  con- 
taining 
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taining  the  benjamin  is  to  be  put  upon  a  gentle  fire,  and 
which  is  not  capable  of  raifing  the  oil  of  the  benjamin. 
With  that  heat  the  fublimation  is  to  be  performed  :  when 
the  veflels  are  cooled,  they  are  to  be  unluted,  and  great 
care  is  to  be  taken  that  they  be  not  {hook.  If  the  fublima- 
tion has  been  performed,  the  inner  furface  of  the  upper 
earthen  pan  will  be  found  covered  with  fine  fparkling 
flowers  like  a  very  pure  fait,  forming  cryftals  like  flattened 
needles,  A  conliderable  quantity  alfo  of  thefe  flowers  is 
generally  found  which  are  not  raifed,  and  which  cover  the 
furface  of  the  remaining  benjamin.  The  flowers  are  to  b? 
fwept  off*  with  a  feather. 

The  fuccefs  of  this  operation  depends  on  the  degree  of 
heat  given,  and  the  time  employed.  If  the  heat  be  too 
great,  a  part  of  the  oil  of  benjamin  will  rife  together  with 
the  flowers,  which  will  thence  receive  a  dirty  yellow  tinge. 
In  this  cafe  they  muft  be  again  fublimed,  and  with  a  lefs 
heat.  If,  on  the  contrary,  a  fufiicient  degree  of  heat  is 
not  given,  or  the  operation  has  not  been  long  enough  con- 
tinued, all  the  flowers  which  the  benjamin  is  capable  of 
furnifhing  will  not  be  procured.  The  fame  benjamin  will, 
by  repeating  the  operation,  furnilh  more  flowers. 

The  procefs  formerly  ufed  to  make  thefe  flowers  confifts 
in  putting  the  benjamin  in  an  earthen  pot,  to  the  mouth  of 
which  is  fitted  a  paper,  or  pafteboard  conical  head.  But 
the  method  defcribed  above,  which  is  propofed  by  Mr. 
Beaume,  feems  to  be  preferable  :  becaufe  the  paper  or 
pafteboard  heads  abforb  many  flowers,  which  are  confe- 
quently  loft,  and  alfo  becaufe  the  earthen  veflel  employed 
by  Mr.  Beaume  has  a  greater  furface  than  the  pot  ufed  in 
the  ancient  method  ;  and  quantity  of  furface  is  always 
favourable  to  fublimation. 

The  flowers  of  benjamin  are  a  true  concrete,  volatile, 
and  oily  eflential  fait  of  benjamin.  They  have  the  fmell  of 
benjamin,  and  are  inflammable,  from  the  eflential  oil 
which  enters  their  compofition.  They  are  foluble  in  water 
and  in  fpirit  of  wine,  which  fufficiently  proves  their  faline 
nature.  Accordingly,  Mr.  GeofFroy  obferves,  that  this 
fait  may  be  obtained  by  treating  benjamin  with  water,  and 
by  crystallization. 

Benjamin  is  probably  not  the  only  refin  from  which  an 
eflential  fait  of  this  kind  may  be  obtained  :  perhaps,  even 
all  refins  contain  fuch  eflential   fait,  in  greater  or  lefs 
quantity ;  and  this  is  certainly  ons  of  thofe  which  contain 
'  a  great  quantity  of  it. 

Flowers 
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Flowers  of  benjamin  are  confidered  in  medicine  as  iru 
eifive,  dividing,  and  favoring  expectoration,  and  are  there- 
fore given  in  the  vifcous  afthma.  They  may  be  given 
from  fix  grains  to  twelve.  See  Resins,  and  Sublima- 
tion. 

FLOWERS  of  SAL  AMMONIAC.  Theflowers 
of  fal  ammoniac  are  nothing  elfe  than  fal  ammoniac  fub- 
limed;  for  this  femi-volatile  fait  fuffers  no  decompofition 
by  fublimation.  The  procefs  for  making  thefe  flowers 
contains  nothing  fingular,  excepting  that  an  equal  part  of 
decrepitated  common  fait  is  generally  mixed  with  the  fal 
ammoniac,  in  order  to  divide  this  latter  fait,  and  to  facili- 
tate its  fublimation.  By  this  fublimation,  fal  ammoniac 
may  be  purified  from  fuliginous  and  other  matters,  with 
which  it  is  generally  mixed.  But  it  may  be  better  and 
more  conveniently  purified  by  folution  in  water,  by  filtra- 
tion, and  by  cryftallization.  For  this  fait  has  the  pro- 
perty of  raifing  along  with  it  in  fublimation  very  fixed 
matters,  as  we  fee  from  the  example  of  the  flowers  of  fal 
ammoniac  tinged  with  copper  and  with  iron,  called  ens 
martis,  and  ens  veneris,  which  are  nothing  elfe  than  fal 
ammoniac  fublimed  with  iron  and  with  copper.  See  Am- 
moniac (Salt). 

FLOWERS  of  SULPHUR.  Flowers  of  fulphur 
are  crude  fulphur  fublimed  in  an  apparatus  of  aludels. 
Sulphur  cannot  be  decompofed  without  an  intermediate 
fubftance  in  clofe  vefTels.  Therefore  flowers  of  fulphur 
have  no  properties  different  from  thofe  of  pure  fulphur  in 
mafles.    See  Sulphur. 

FLOWERS  of  ZINC.  Flowers  of  zinc  are  the 
metallic  earth  of  zinc,  deprived  of  almoft  all  its  phlo- 
gifton,  and  raifed  in  light  flocks  from  deflagrating  zinc. 

To  make  thefe  flowers,  zinc  is  to  be  put  into  a  large 
open  crucible,  fet  in  a  furnace  which  draws  air  well. 
When  a  white  heat  is  raifed,  the  zinc  kindles  and  burns 
with  a  white,  vivid,  dazzling  flame,  accompanied  with  a 
confiderable  quantity  of  white  fmoke.  This  fmoke  is  con- 
denfed  in  white  light  flocks,  which  float  all  round  the 
laboratory.  The  greateft  part  of  thefe  flocks,  however,  fix 
themfelves  to  the  fides  of  the  crucible  and  to  the  zinc. 
They  are  called  flowers  of  zinc,  nihil  album,  or  po?nfholix. 

Although  thefe  flowers  are  raifed  into  fmoke  in  this 
operation,  like  a  verv  volatile  fubftance,  they  are  r -ally 
very  fixed,  as  metallic  earths  are,  when  well  dephlogifti- 
cated  i  and  are  fo  incapable  of  being  again  fublimed,  that 

they 
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they  refift  the  mod  violent  fire,  and  are  fooner  melted 
than  fublimed.  If  they  are  then  raifed  in  fmoke  during 
deflagration,  this  efFect  is  produced  by  the  activity  with 
which  the  zinc  burns ;  and  for  the  fame  reafon,  earths  and 
coals  extremely  fixed  are  found  in  foot  of  wood  and  of  molt 
other  combuftible  matters. 

The  flowers  of  zinc  are  foluble  in  acids,  nearly  as  zinc 
is.  See  Zinc.  The  caufe  of  this  may  be,  that  they 
retain  fome  phlogifton.  But  they  are  difficultly  reducible 
into  zinc,  and  were  even  believed  to  be  incapable  of  reduc- 
tion, till  Mr.  Margraaf  publiftied  a  method  of  reviving 
them,  by  expofing  them  to  a  ftrong  heat  together  with 
ibme  inflammable  fubftance  in  clofe  veflels. 

In  the  crucible  ufed  for  the  preparation  of  flowers  of  zinc, 
a  confiderable  quantity  of  thefe  flowers  is  found  fixed  to  its 
fides,  and  to  the  furface  of  the  zinc,  if  any  remains 
unburnt.  Thefe  latter  flowers  are  much  lefs  white  and 
light  than  the  former.  They  have  been  produced  by  the 
part  of  the  zinc  which  burnt  lefs  vehemently  than  the  reft. 
Their  color  is  greyifh,  from  a  certain  quantity  of  phlo- 
gifton which  they  retain. 

Flowers  of  zinc  alfo  are  obtained  from  furnaces  in  which 
minerals  containing  zinc  are  fmelted,  particularly  that  of 
Rammelfberg.  They  adhere  in  great  quantities  to  the 
upper  part  of  the  internal  furface  of  the  walls  of  the  fur- 
naces. But  as  thefe  flowers  fuftain  a  great  heat,  they  are 
half  fufed  and  agglutinated  together,  forming  mafles, 
which  muft  be  taken  ofF  frequently  in  order  to  clear  the 
furnaces.  Flowers  of  zinc  in  this  ftate  are  called  cadmia 
fornacumy  or  pomtholix.  See  Cadmia  and  Zinc. 
FLOWERS  of  VEGETABLES,  (f) 

FLUIDITY. 

(f)  Flowers.  In  this  article,  which  is  extracted  from  Dr. 
Lewis's  notes  on  Neuman's  Chemiftry,  the  colors  only  of  flowers 
lhall  be  confidered.  Very  few  of  the  colors  of  flowers  of  vege- 
tables are  durable,  or  can  be  made  durable  by  any  means  known. 
The  only  permanent  color  is  jcllovj.  The  red,  the  blue,  the 
purple,  the  crinifon,  and  the  violet,  are  very  perifhable.  Many 
flowers  lofe  thefe  colors  merely  by  being  dried,  efpecially  by 
being  flowly  dried  in  a  ftiady  and  not  warm  place.  The  colors 
of  all  of  them  perifh  by  keeping,  even  in  the  doled  veflels.  The 
more  haftily  they  are  dried,  and  the  more  perfectly  they  are 
fecured  from  air,  the  longer  they  retain  their  beauty.  The  color- 
ing matter  of  flowers  extracted  and  applied  on  other  bodies  is  ftill 
mo:e  perilhablc. 

Blue 
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FLUIDITY.  Fluidity  is  the  Hate  of  a  body  whofe 
integrant  parts  are  fo  difunited  and  incoherent,  that 
no  fenfible  refiftance  is  oppofed  to  their  feparation  in 
any  direction  \  but  which  are  neverthelefs  fufficiently  at- 
tracted by  each  other,  to  remain  adjacent,  and  to  form  an 
aggregate  body. 

Hence  fluidity  is  a  middle  irate  betwixt  hardnefs,  in 
which  the  integrant  parts  of  bodies  adhere  together  firmly, 
and  the  entire  want  of  aggregation,  in  which  the  integrant 

parts 

Blue  Flowers.  The  color  of  many  blue  flowers  is  extracted 
by  infufion  in  water ;  but  from  others,  water  acquires  only  a 
purpliih  hue.  Of  thofe  which  have  been  tried,  not  one  gives  a 
blue  color  to  fpirit  of  wine  :  fome  give  no  color,  and  ibme  give 
a  reddilh  color.  The  expreiTed  juice  of  thefe  flowers  is  generally 
blue.  The  blue  juices  and  infufions  are  rendered  red  by  all 
acids  :  and  the  moil  florid  red  is  given  to  them  by  marine  acid. 
The  flowers  alfo,  by  maceration,  impart  a  red  color  to  acid 
liquors.  Alkalis  fixed  and  volatile,  and  lime  water,  change 
thefe  blue  colors  to  green.  And  thofe  infufions  or  juices 
which  have  nothing  of  the  color  of  the  flower,  fufTer  the  fame 
changes  from  the  addition  of  acid  and  alkaline  liquors.  Even 
when  the  flowers  have  been  kept  till  their  colors  are  loll,  their 
infufions  acquire  a  red  color  from  acids,  and  a  green  color  from 
alkaiis,  but  in  a  lefs  degree  than  when  the  flowers  were  frefli. 
The  red  color  produced  by  acids  is  fcarcely  more  durable  ths.n 
the  original  blue  :  applied  upon  other  bodies,  and  expofed  to  air, 
it  gradually  degenerates  into  a  faint  purple,  and  at  lait  difappears, 
without  leaving  a  ftain  behind.  The  green  produced  by  alkalis 
changes  to  a  yellow,  which  does  not  fade  fo  foon.  The  green 
made  by  lime-water  is  more  permanent  and  beautiful.  Green 
lakes,  prepared  from  blue  flowers  by  means  of  lime-water,  have 
been  ufed  by  paiaters.  The  flowers  of  cyanus  have  been  much 
commended  for  affording  elegant  and  blue  pigments.  But  Dr. 
Lewis  has  not  been  able  to  extract  from  them  any  blue  color. 
They  retain  their  color,  when  nattily  dried,  longer  than  other 
blue  flowers,  but  do  not  communicate  their  original  color  to 
any  menftruum. 

Red  Flowers  readily  communicate  their  color  to  water ;  and 
thofe  of  a  full  red  color  give  to  a  rectified  fpirit  alfo  a  deep  red 
tincture,  brighter,  though  fomewhat  paler,  than  the  watery  in- 
fufion. But  the  lighter  red  flowers,  and  thofe  which  are  purpliih, 
impart  little  color  to  pure  fpirit.  The  colors  of  infufions  of  thefe 
flowers  are  fuppofed  to  be  heightened  by  acids,  and  to  be  ren- 
dered green  by  alkalis.  Bift  this  is  not  univerfal.  For  amongil 
thofe  examined  by  Dr.  Lewis,  the  rofecolois  and  purpliih  red 
were  changed  by  acids  nearly  as  blue  flowers  are ;  but  the  full 
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parts  of  bodies  are  fo  feparated  and  removed  from  each  other, 
that  their  mutual  attraction  is  no  longer  fenfible. 

A  body  may  be  fluid  in  two  manners ;  firft,  by  the 
figure  of  its  primitive  integrant  parts,  fo  that  each  of  thefe 
parts  mall  not  touch  any  other  but  in  one  point,  or  in  one 
infinitely  fmall  fide,  and  confequently  have  but  little  or  no 
adhcfton.  Such  a  body  muft  neceflarily  and  naturally  be 
fluid.  Fire  feems  to  be  the  only  body  pofleiTed  of  this  eiTen- 
tial  fluidity. 

The  fecond  manner  by  which  a  body  may  be  rendered 
fluid  is,  to  lefTen  the  contact  of  the  integrant  parts,  to 
disjoin  them,  or  even  to  feparate  them  from  each  other  by 

deep  reds  were  not.  The  deep  infufion  of  red  poppies  was 
turned  by  alkalis  not  to  a  green,  but  to  a  dufky  purple. 

Yellow  Flowers  communicate  to  water  and  to  fpirit  of 
wine  durable  yellow  colors,  not  alterable  but  in  degree  by  acids 
or  by  alkalis;  the  former  only  rendering  them  paler;  and  the 
latter,  as  alio  alum,  rendering  them  deeper.  Wool,  or  filk, 
impregnated  with  a  folution  of  alum  and  of  tartar,  receives,  on 
being  boiled  with  the  watery  infufion  or  decoction,  a  durable 
yellow  dye.  A  durable  yellow  lake  is  prepared  by  precipitating 
with  alum  an  infufion  of  yellow  flowers  made  in  an  alkaline  lev. 
In  fome  of  the  orange- colored  flowers  the  yellow  matter  feems  to  be 
of  the  fame  kind  as  that  of  the  pure  yellow  flowers  ;  but  the  red 
matter  feems  to  be  different  from  that  cf  the  pure  red  flowers. 
The  yellow  matter  is  extracted  from  thefe  flowers  by  water  ;  and 
the  remaining  red  matter  is  extracted  by  fpirit  of  wine,  or  by  a 
weak  folution  of  fixed  alkali  in  water.  Such  are  the  fafFron- 
colored  flowers  of  Carthamus.  Thefe  flowers,  after  the  yellow 
matter  has  been  extracted  by  water,  are  faid  to  give  a  red  tinc- 
ture to  ley,  from  which  a  deep  red  fecula  fubfides,  called  Safflyiver, 
Spanijb  m/,  and  Cbina-lake.  This  pigment  gives  a  beautiful  red 
color  to  fpirit  of  wine,  but  none  to  water.  The  yellow  farina  or 
fine  duft,  retting  on  the  tips  of  the  ftamina  of  flowers,  gives  a 
fine  bright  yellow  color  to  fpirit  of  wine,  and  a  duller  yellow 
color  to  water.  The  colors  of  both  the  watery  and  fpirituous 
tinctures  were  heightened  by  alkalis,  rendered  red  by  acids,  and 
again  reftored  to  a  yellow  by  adding  an  alkali.  This  is  the  only 
known  inflance  of  the  yellow  color  of  a  vegetable  being  rendered 
red  by  acids. 

White  Flowers,  or  their  exprefled  juices,  impart  a  green 
color  to  alkaline  leys,  but  have  not  been  obferved  by  Dr.  Lewis 
to  give  a  red  color  to  acids.  The  white  flowers  of  the  common 
wild  convolvulus  give  a  deep  yellow  or  orange  color  to  water, 
which  is  affected  by  acids,  by  alkalis,  and  by  alum,  as  the  in- 
fufions  of  yellow  flowers  are.  The  white  flowers  of  Xeranthsmu.n 
give  a  beautiful  yellow  color  to  water  acidulated  with  fpiritof  nitre. 
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the  interpofition  of  a  fluid.  All  bodies  which  can  only  be 
fluid  in  this  manner,  are  evidently  not  eflentially  fluid. 
On  the  contrary,  they  are  naturally  more  or  lefs  hard  and 
folid,  and  can  only  have  a  mediate  or  fecondary  fluidity. 
Such  all  bodies  in  nature  appear  to  be,  excepting  fire. 
Hence,  without  fire  no  fluid  would  exift ;  all  bodies  would 
cohere  together,  and  form  a  fingle,  folid  mafs  ;  and  hence 
fire  is  the  principle  of  all  fluidity.  But  when  a  body  is 
rendered  fluid  by  fire,  it  may  then  be  capable  of  giving 
fluidity  to  other  bodies.  Water,,  for  inftance,  the  fluidity 
of  which  is  certainly  caufed  by  fire,  may,  by  interpofing 
itfelf  betwixt  the  integrant  parts  of  gums  and  falts,  give 
to  them  a  fluidity  fimilar  in  fome  refpects  to  its  own. 

We  mull:  not  confound  the  fluidity  received  directly  from 
fire  with  the  fluidity  received  from  bodies  rendered  fluid 
by  fire.  Some  fubftances  are  incapable  of  receiving  fluidity 
directly  from  fire,  but  only  through  the  intervention  of 
fome  other  fubftance  previoufly  rendered  fluid  by  fire.  Such 
are  gums,  which  are  rather  decompofed  than  rendered  fluid 
by  fire,  but  which  are  readily  foluble  in  water.  Other 
bodies  may  be  either  rendered  fluid  directly  by  fire,  or 
fecondarily  through  the  intervention  of  another  body  pre- 
vioufly rendered  fluid  by  fire.  Such,  for  inftance,  are 
falts.  They  become  fluid  when  expofed  alone  to  the 
action  of  fire,  and  arealfo  capable  of  liquefaction  by  water. 

The  principal  difference  betwixt  a  body  rendered  fluid 
merely  by  the  action  of  fire,  and  another  body  rendered 
fiuid  by  the  interpofition  of  a  fluid  fubftance,  is,  that  the 
integrant  parts  of  the  latter  body  adhere  to  thofe  of  the 
interpofed  fubftance ;  and  that  this  adhefion  or  affinity  is 
the  caufe  of  the  fluidity  of  that  body. 

This  fecondary  fluidity,  therefore,  given  by  interpofi- 
tion of  a  fluid  fubftance,  is  nothing  elfe  than  a  folution. 
The  fluidity  given  immediately  by  fire  is  called  by  chemifts, 
fufwn;  we  therefore  fay  that  a  fait  is  diflblved  in  water,  but 
not  fufed  or  melted.  This  latter  expreftion  is  frequently 
ufed,  though  very  improperly. 

Thei'e  evident  and  important  differences  betwixt  the 
fluidity  of  fire,  which  is  eflentially  fluid,  the  fluidity  of 
todies  fufed  merely  by  the  action  of  lire,  and  the  fluidity  of 
{  rcies  rendered  fluid  by  the  interpofni  n  of  others  already 
fufed,  require  that  thefe  different  kinds  of  fluidity  fhould 
be  difcinguifhed  bv  names  appropriated  to  each.  At  prefent 
no  fuch  precife  exprefiions  have  been  ufed  to  denote  them. 
Bodka  habitually  fufed  might  be  called  fiuicL,  and  thofe 
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which  have  only  a  fecondary  fluidity  might  bs  called  'liquid. 
But  what  name  fhall  be  given  to  the  primary  and  eflentiaj 
fluidity  of  fire  ? 

This  want  of  fuitable  expreflions  fhews  the  little  atten- 
tion given  by  chemifts  and  natural  philofophcrs  to  fluidity, 
and  to  the  properties  of  bodies  by  which  they  give  and 
receive  fluidity.  From  not  having  reflected  on  the  pro- 
perties of  fire,  and  upon  the  effects  which  it  produces  upon 
other  bodies,  we  have  confidered  thofe  fubftances  as  having 
an  independent  fluidity,  which  we  have  generally  feen  in  a 
fluid  or  fufed  ftatej  fuch  as  air,  ethereal  fpirits,  mercury, 
lpirit  of  wine,  and  even  water  and  oils  j  although  we  fre- 
quently fee  thefe  two  lair  mentioned  fubftances  become  folid 
by  cold,  or  want  of  active  lire.  The  fixation  of  mercury 
by  a  fuflicient  degree  of  cold,  the  poflibility  of  which  is 
fufpected  in  the  Elements  of  the  Theory  of  Chetnijiry,  ana  is 
afcertained  by  experiments  of  fome  Members  of  the  Aca- 
demy at  Peterfburgh,  induces  us  to  conjecture,  that  eve;  v 
body  is  naturally  folid  or  hard  j  and  that  all  fluid  bodies 
receive  their  fluidity  from  fire,  which  is  the  only  fubftance 
eflentially  fluid. 

However  that  may  be,  this  is  evident,  that  as  the  aggre- 
gation of  every  body  which  is  fluid  or  liquid  muft  be  broken, 
or  much  diminifned,  fluidity  is  the  moft  favourable  ftate 
for  the  formation  of  new  unions;  and  that  every  fubftance 
which  forms  a  new  combination  mull  neceiTarily  have  or 
acquire  this  ftate.  Therefore  a  precife  and  ex  ten  five  know- 
ledge concerning  fluidity,  and  the  properties  of  bodies  by 
v/hich  they  give  and  receive  fluidity,  is  exceedingly  in»- 
portant  in  chemiftry.  See  Aggregation,  Solutlon, 
Fire,  Fusion,  and  Liquefaction. 

FLUOR.  This  word,  ufed  as  an  adjective,  is  applied 
to  fignify  the  habitual  fluidity  of  any  iubftance,  or  that 
property  by  which  a  fubftance  cannot  be  rendered  folid, 
and  is  employed  as  an  epithet  to  diftinguifh  fuch  fubftances 
from'otheis  of  the  fame  kind,  but  which  are'  habitually 
folid,  or  which  may  be  rendered  folid.  Acids,  for  instance, 
which  are  habitually  fluid,  as  all  the  mineral  and  fome, 
vegetable  acids,  are  called  jluor  acids,  in  order  to  diftinguifti 
them  from  the  acid  of  tartar  and  acid  eflential  falts,  which 
are  naturally  concrete.  Alio  volatile  alkali  treated  with 
quicklime,  or  with  metallic  earths,  fo  that  it  is  always 
liquid  and  not  cryftallizcd,  is  called  f. nor  volatile  alkali,  to 
diltinguiih  it  from  the  concrete  tnd  cnftallizable  volatile 
alkali. 
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By  fluor  ^  ufed  fubfiantively,  is  meant  a  certain  kind  of 
{tone  which  is  fufible,  or  which  facilitates  fufion.  Such 
are  the  gfreateft  part  of  /pars,  which  are  called  fluors.  Thus, 
for  example,  in  talking  of  a  white  or  colored  fpar,  which  is 
found  in  the  matrix  of  an  ore,  we  fay  that  this  matrix  is 
mixed  with  a  white,  green,  or  yellow  fluor.    See  Spar,  (g) 

FLUX. 

(g)  Fluors.  Fluors  are  ftones  or  fpars  of  different  colors, 
purple,  green,  yellow,  &c.  more  or  lefs  tranfparent,  -  which  are 
commonly  found  in  veins  of  ores,  and  ferve  as  the  matrix  to  the 
minerals  which  they  invelop.  Moll  of  them  affect  a  cubical  form, 
but  others  are  found  in  lumps  which  have  no  determinate  fhape. 
They  may  be  diftinguimed  from  other  ftones  by  the  following 
properties. 

1 .  They  are  not  fufficiently  hard  to  ftrike  fire  with  fteel.  By 
this  property  they  are  diflinguifhed  from  the  colored  quartz 
cryflals,  called  falle  emeralds,  falfe  rubies,  &c.  which  names  have 
alio  been  improperly  applied  to  the  cubical  colored  fluors. 

2.  They  are  not  foluble  by  acids,  and  thus  are  diltinguifhabie 
from  calcareous  fpars, 

3.  When  calcined  without  addition,  and  mixed  with  water, 
they  do  not  form  placer ;  and  when  calcined  with  addition  of  in- 
flammable matter,  they  cannot  be  formed  into  the  Bolognian 
phofphorus.  Hence  they  may  be  diftinguimed  from  the  gypfeous 
phofphoric  fpars  and  ilones. 

4.  They  are  fufible  by  fire  without  addition,  according  to  M. 
Fngeftrom,  and  M.  D'Arcet. 

5.  They  greatly  facilitate  the  fufion  of  calcareous  and  argilla- 
ceous eartns;  and  alfoof  the  topaz,  according  to  Mr.  Pott.  They 
are  much  employed  in  the  fmelting  of  ores,  as  they  promote  the 
fufion  of  the  adhering  earths. 

6.  When  expofed  to  fire  till  they  become  red-hot,  they  emit 
fome  lucid  rays  in  the  dark;  but  their  light  is  very  weak,  and 
afterwards  they  crackle  and  break  into  fmall  pieces:  whereas, 
the  gypfeous  phofphoric  fpars  expofed  to  the  fame  heat  emit  a 
vivid  light,  and  then  break  afunder  into  pieces  not  fo  pulverable 
as  thofe  of  the  heated  fluors. 

M.  Margraaf  has  made  experiments,  in  order  to  difecver  the 
nature  of  thefe  ilones.  He  afcertained  the  diflinc"tions  above 
mentioned  between  them  and  the  gypfeous  fpars,  and  therefore 
infers  that  they  are  not  compounded  of  vitriolic  acid  with  calca- 
reous earth.  He  obferved  lingular  appearances  on  mixing  them 
with  vitriolic  and  other  acids,  and  fubje£ting  the  mixtures  to 
diilillador. 

Eight  ounces  of  the  powder  of  a  green  fluor,  being  mixed 
with  an  equal  weight  of  pure  oil  of  vitriol,  and  diftilled  together 
with  a  gutuuated  neat,  yielded  after  the  watery  part  of  the  acid 
hau  pulled,  a  fine  white  fublimate,  which  arofe  and  adhered  to 
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FLUX.    This  word  is  fometimes  ufed  fynonimoufly 
-with  fufion.    For  inftance,  an  ore,  or  other  matter,  is  laid 
to  be  in  liquid  flux,  when  it  is  completely  fufed. 

But 

the  neck  of  the  retort,  and  even  pa/fed  into  the  receiver.  The 
firft  parts  of  this  fublimate  which  arofe,  appeared  like  butter 
of  antimony ;  and  like  this  butter,  they  melted  by  the  heat  of  a 
live  coal,  brought  near  the  neck  of  the  retort:  But  the  parts 
which  arofe  towards  the  end  of  the  operation,  with  the  greateft 
degree  of  heat,  could  not  be  melted  by  that  heat.  The  retort 
being  broken,  a  refiduum  was  found  weighing  1 2  oz.  Hence 
4  oz.  of  oil  of  vitriol  remained  united  with  the  fpar.  The  bottom 
of  the  retort  was  obferved  to  be  pierced  with  holes.  Laftly,  the 
liquor,  which  had  paffed  into  the  receiver,  and  the  white  fubli- 
mate, had  very  fenfibly  a  fulphureous  fmell.  The  fublimate, 
triturated  a  long  time  in  a  mortar  with  hot  diftilled  water,  dif- 
folved,  and  palled  through  a  filter.  To  the  filtrated  liquor  fome 
fixed  alkali  being  added,  a  precipitate  was  formed,  which  being 
well  warned  and  dried,  was  ready  melted  by  fire  into  a  mafs 
■refembling  porcelain.  The  fame  excellent  and  accurate  chemift 
produced  the  fame  effects  upon  this  llone  by  fubftituting  inftead 
of  the  vitriolic  acid,  the  nitrous,  marine,  phofphoric,  or  the 
concentrated  acetous  acids. 

Further  experiments  on  fluors  have  been  made  by  Mr.  Scheele, 
an  account  of  which  is  given  in  the  Swedilh  Tranfattions  for  the 
year  1771  ;  and  from  thence  an  abftradt  in  Englilh  is  publifhed 
in  a  pamphlet,  called  "  An  eafy  Method  of  Affaying  and  Clainng 
"  Mineral  Subftances,  by  John  Reinhold  Forfter,  F.R.  S." 

Mr.  Scheele  obferved  upon  diftilling  a  mixture  of  rluor  with 
oil  of  vitriol,  that  the  fumes  which  arofe  corroded  the  glafs 
veffels,  and  formed  a  cruft  upon  the  water  contained  in  the 
receiver,  which  cruft  gradually  became  thicker  during  the  opera  - 
tion.  '1  he  water  alfo  in  the  receiver  was  found,  on  examination, 
to  contain  a  considerable  quantity  of  a  new  acid,  difengaged  from 
the  fpar  by  the  oil  of  vitriol.  The  cruft  formed  by  the  fumes 
acting  upon  the  water  of  the  receiver,  was  not  foluble  in  acids, 
but  was  difTolved  by  oleum  tartari  per  deliquium,  with  which  it 
formed  a  gelatinous  iubftance.  It  was  not  fufible  by  fire  without 
addition  ;  but  when  mixed  with  fixed  alkali  was  vitrified.  This 
vitrified  fubftance  being  melted  with  a  large  portion  of  fixed  alkali, 
deliquefced,  and  afforded  a  precipitate  upon  adding  to  it  an  acid. 
Mr.  Scheele  concludes  from  thel'e  experiment:,  that  the  cruft  thus 
formed  from  the  fumes  uniting  with  water,  is  a  true  flinty  fubfiance, 
and  that  flints,  therefore,  confift  of  this  new  acid  of  fluors  united 
with  water.  From  other  experiments  he  is  led  to  conclude,  that  the 
earth,  which  is  united  with  this  new  acid  in  the  fluors,  is  of  the 
Calcareous  kind :  for  upon  lixiviating  with  water  the  mafs  that 
remained  after  the  diftillation  of  fluor  with  oil  of  vitriol,  and 
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But  the  word  flux  is  generally  ufed  to  fignify  certain 
ftiline  matters,  which  facilitate  the  fufion  of  ores,  and  other 

adding  fait  of  tartar,  a  calcareous  earth  (he  fays)  was  precipitated. 
Further,  the  acid  of  the  fluor  which  had  pafled  over  into  the 
receiver  and  mixed  with  the  water,  being  added  to  lime-water, 
a  white  powder  was  precipitated,  which  though  not  in  the  form 
of  cryltals,  was  found  to  poflefs  all  the  properties  of  the  original 
flu  or.  This  regenerated  fluor  being  diltilled  with  oil  of  vitriol, 
formed  the  fame  kind  of  cruft  on  the  furface  of  the  water  in  the 
receiver.  When  alkohol,  oil  of  olives,  or  oil  of  vitriol,  were 
put  into  the  receiver  inftead  of  water,  no  cruft  was  formed.  The 
iame  kind  of  cruft:  was  formed,  when  inftead  of  oil  of  vitriol, 
the  nitrous  or  marine  acids  were  diftilled  with  the  fluor.  By 
thefe  two  laffc  mentioned  acids  the  fluor  could  be  difTolved.  Upon 
adding  to  tbe  folution  a  mild  volatile  or  fixed  alkali,  a  powder 
was  precipitated  ;  and  upon  adding  to  the  fame  folution  fome 
vitriolic  acid,  a  gypfeous  powder  was  precipitated. 

The  calcareous  ba fi s  was  likewife  feparated  by  mixing  with 
one  part  of  the  fluor  four  parts  of  fixed  alkali,  melting  this 
mixture,  and  lixiviating  the  fufed  mafs  in  water;  by  which 
means  the  calcareous  earth  cf  the  fluor  was  precipitated,  and  a 
faline  compound  remained  in  the  water,  confifting  of  the  acid  of 
the  fluor  united  with  the  fixed  alkali. 

Mr.  Scheele  examined  the  acid  of  the  fluor,  which  though  not 
diftinguithable  in  fmell  from  marine  acid,  differed  materially  in 
this  reflect,  that  the  former  acid,  united  with  a  calcareous  earth, 
forms  a  folid  fubftance ;  while  the  latter  is  known  to  form  with 
that  earth  a  very  deliquefcent  fait.  When  the  acid  of  fluor  was 
diftilled  with  a  gentle  heat,  the  ftronger  part  of  the  acid,  which 
did  not  come  over  till  towards  the  end  of  the  diftillation,  formed 
a  cruft  with  the  more  watery  part  that  had  pafled  flrft,  and  alfo 
corroded  the  glafs  veffels.  Upon  mixing  the  acid  of  fluor  with  a 
fixed  alkali,  a  gelatinous  fubilance  was  produced,  from  which, 
by  adding  lime-vsater,  a  regenerated  fluor  was  precipitated. 
This  acid  dicf  alfo  form  gelatinous  fubftances,  when  united  with 
volatile  alkali,  magnefia,  and  earth  of  alum  ;  But  when  fatu- 
rated  with  lime-water,  a  regenerated  fluor  was  precipitated. 
The  powers  cf  this  acid  on  metallic  fubftances  were  next  examined. 
Gold  was  net  affe&ed  by  the  acid  of  fluor,  either  alone  or  mixed 
with  fnirit  of  nitre.  Silver*  qnickfilrver,  and  lead,  were  not  acted 
UDon/  Copper  was  partly  diflblved.  Iron  was  acted  upon  vio- 
lently; and  the  fume?,  which  arofe  during  the  folution,  were 
inflammable.  Tin  was  r.ot  acted  upon  ;  but  its  calx  was  diflblved. 
Bifmutb,  cobalt,  and  rtgmhtsiif  antimony  were  not  diflblved  by  this 
acid.  Z>nc  was  difTolved  in  the  fame  manner  as  iron.  This  acid 
occasioned  a  precipitation  in  the  foiutions  of  filver  and  quickiilver 
in  nitrous  acid.  It  did  not  precipitate  a  folution  of  corrofive  fub- 
Iimaie,  nor  a  folution  of  lead  in  nitrous  acid. 
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matters  which  are  difficultly  fufible  in  efiays  and  reduc- 
tions of  ores.  Fixed  alkalis,  nitre,  borax,  tartar,  and 
common  fait,  are  the  faline  matters  of  which  fluxes  are 
generally  compofed.  But  the  word  flux  is  more  particularly 
applied  to  mixtures  of  different  proportions  of  only  nitre 
and  tartar;  and  thefe  fluxes  are  called  by  particular  names, 
according  to  the  proportions  of  thefe  ingredients,  as  we 
fhall  fee  in  the  following  articles. 

FLUX  (WHITE).  White  flux  is  made  with  equal 
parts  of  nitre  and  of  tartar  detonated  together,  by  which 
they  are  alkalifed.  The  refiduum  of  this  detonation  is  an 
alkali  compofed  of  the  alkalis  of  the  nitre  and  of  the  tartar, 
both  which  are  abfolutely  of  the  fame  nature.  As  the  pro- 
portion of  nitre  in  this  mixture  is  more  than  is  fuiHcient  to 
confume  entirely  all  the  inflammable  matter  of  the  tartar, 
the  alkali  remaining  after  the  detonation  is  perfectly  white, 
and  is  therefore  called  white  flux ;  and  as  this  alkali  is  made 
very  quickly,  it  is  alfo  called  extemporaneous  alkali.  When 
a  fmall  quantity  only  of  white  flux  is  made,  as  a  few 
ounces,  for  inftance,  fome  nitre  always  remains  undecom- 
pofed,  and  a  little  of  the  inflammable  principle  of  the  tartar, 
which  gives  a  red  or  even  a  black  color  to  fome  part  of 
the  flux  :  but  this  does  not  happen  when  a  large  quantity 
of  white  is  made  flux  ;  becaufe  then  the  heat  is  much 
greater.  This  fmall  quantity  of  undecompofed  nitre  and 
tartar  which  remains  in  white  flux  is  not  hurtful  in  moft  of 
the  metallic  fufions  in  which  this  flux  is  employed  :  but  if 
the  flux  be  required  perfectly  pure,  it  might  eafily  be 
difengaged  from  thofe  extraneous  matters  by  a  long  and 
ftrong  calcination,  without  fufion.    See  Calcination. 

FLUX  (CRUDE).  By  crude  flux  is  meant  the 
mixture  of  nitre  and  tartar  in  any  proportions,  without 
detonation.  Thus  the  mixture  of  equal  parts  of  the  two 
falts  ufed  in  the  preparation  of  the  white  flux,  or  thp 
mixture  of  one  part  of  nitre  and  two  parts  of  tartar  for  the 
preparation  of  the  black  flux,  are  each  of  them  a  crude  flux 
before  detonation.  It  has  alfo  been  called  white  fluxy  from 
its  color ;  but  this  might  occafion  it  to  be  confounded  with 
the  white  flux  above  defcribed.  The  name,  therefore,  of 
crude  flux  is  more  convenient. 

Crude  flux  is  detonated  and  alkalifed  during  the  reduc- 
tions and  fufions  in  which  it  is  employed,  and  is  then 
changed  into  white  or  black  flux,  according  to  the  propor* 
tions  of  which  it  is  compofed.  This  detonation  produces 
good  effects  in  the^fe  fufions  and  reductions,  if  the  fwelling 
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and  extravafation  of  the  detonating  matters  be  guarded 
again!!:,  Accordingly,  crude  flux  may  be  employed  fuc- 
cefsfully  in  many  operations ;  as,  for  inftance,  in  the  ordi- 
nary operation  for  procuring  the  regulus  of  antimony. 

FLUX  (BLACK  or  REPUC1NG).  Black  flux 
is  produced  from  the  mixture  of  two  parts  of  tartar  and  one 
part  of  nitre  detonated  together.  As  the  quantity  of  nitre 
which  enters  into  the  compofition  of  this  flux  is  not  fuffi- 
cient  to  confume  all  the  inflammable  matter  of  the  tartar, 
the  alkali  which  remains  after  the  detonation  contains  much 
black  matter,  of  the  nature  of  coal,  and  is  therefore  called 
black  flux. 

This  flux  is  dengnedly  fo  prepared,  that  it  mail  contain 
a  certain  quantity  of  inflammable  matter ;  for  it  is  thereby 
capable  not  only  of  facilitating  the  fufion  of  metallic  earths 
like  the  white  flux,  but  alfo  of  reviving  thefe  metals  by  its 
phlogifton.  From  this  property  it  is  alfo  called  reducing 
flux  ;  the  black  flux,  therefore,  or  crude  flux  made  with 
fuch  proportions  of  the  ingredients  as  to  be  convertible  into 
black  flux,  ought  always  to  be  ufed  when  metallic  matters 
are  at  once  to  be  fufed  and  reduced,  or  even  when  deftruc- 
tible  metals  are  to  be  fufed,  as  thefe  require  a  continual 
fupply  of  phlogifton  to  prevent  their  calcination.  See 
Nitre,  Reduction,  and  Tartar. 

FORGE.  An  ordinary  forge  is  nothing  but  a  pair  of 
bellows,  the  nozzle  of  which  is  directed  upon  a  fmooth 
area,  on  which  coals  are  placed.  The  nozzle  of  a  pair  of 
bellows  may  be  alfo  diredted  to  the  bottom  of  any  furnace, 
to  excite  the  combuftion  of  the  coals  placed  there,  by  which 
a  kind  of  forge  is  formed.  In  laboratories,  there  is 
generally  a  fmall  furnace  con  lifting  of  one  cylindrical  piece, 
open  at  top,  which  has  at  its  lower  fide  a  hole  for  receiving 
the  nozzle  of  a  double  bellows.  This  kind  of  forge-furnace 
is  very  convenient  for  fufions,  as  the  operation  is  quickly 
performed,  and  with  few  coals.  In  its  lower  part,  two 
inches  above  the  hole  for  receiving  the  nozzle  of  the 
bellows,  may  be  placed  an  iron  plate  of  the  fame  diameter, 
fupported  upon  two  horizontal  bars,  and  pierced  near  its 
circumference  with  four  holes  diametrically  oppofite  to  each 
other.  By  this  difpofition,  the  wind  of  the  bellows,  pufhed 
forcibly  under  this  plate,  enters  at  thefe  four  holes ;  and 
thus  the  heat  of  the  fire  is  equally  diftributed,  and  the 
crucible  in  the  furnace  is  equally  iurrounded  by  it.  This 
contrivance  is  ufed  in   the   forge-furnaces   for  melting 
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copper,  with  this  difference  only,  that  thefe  furnaces  are 
fquare,  which  is  a  matter  of  no  confequence. 

As  the  wind  of  bellows  ftrongly  and  rapidly  excites  the 
action  of  the  fire,  a  forge  is  very  convenient  when  a  great 
heat  is  to  be  applied  quickly :  but  it  is  not  fuitable  when 
the  heat  is  to  be  gradually  encreafed. 

The  forge  or  blaft  of  bellows,  is  ufed  in  feveral  opera- 
tions in  fmall ;  as  to  fufe  falts,  metals,  ores,  &c.  It  is 
alio  much  ufed  in  works  in  the  great,  which  require  ftrong 
heat,  without  much  management,  and  chiefly  in  the  fmelting 
of  ores,  and  fufion  of  metallic  matters. 

FR ITT.  Fritt  is  a  mixture  of  feveral  fubftances  in- 
tended to  be  fufed  together  for  the  purpofe  of  making  glafs. 
After  thefe  fubftances  have  been  mixed  together,  they  are 
generally  expofed  during  a  certain  time  to  a  more  or  lefs 
Srong  heat,  which  is,  however,  incapable  of  compleatly 
fufing  them.  The  intention  of  this  operation  is  either  to 
effect,  a  flight  union  betwixt  thefe  matters,  or  to  free  them 
more  perfectly  from  any  inflammable  or  extraneous  matter, 
by  this  calcination.    See  Vitrification. 

FRUITS,  (b) 

FULIGI- 

(h)  Fruits  are  confidered  only  as  coloring  materials  in  this 
article,  the  greateft  part  of  which  is  extracted  from  a  note  of 
Dr.  Lewis  to  his  Tranflation  of  Neuman.  The  red  juices  of 
fruits,  as  of  currants,  mulberries,  elder  berries,  mordlo  and  black 
cherries,  when  infpiflated  and  dried,  may  be  again  cihTolved  in 
water,  to  which  they  give  nearly  the  fame  red  color  as  they  do 
when  frefli.  .Reclined  fpirit  extracts  the  tinging  particles,  and 
acquires  a  brighter  color  than  the  watery  folution  :  becaufe 
much  of  the  mucilage  is  left  undiflblved  by  the  former.  The 
red  folutions  and  the  juices  are  fometimes  made  dull,  and  fome- 
times  more  florid,  by  acids,  and  are  generally  rendered  purpliih 
by  alkalis.  The  colors  of  thefe  juices  are  generally  perilhable. 
They  are  not  deilru&ible  by  the  fermentation  of  the  liquors  ;  but 
they  quickly  decay  when  the  juice  is  fpread  thinly  on  any  fub- 
ftance,  and  dried  in  open  air.  The  bright  lively  reds  are  fooncft 
changed.  T  he  dark,  dull  red  ftain  of  the  black  cherry  is  con- 
flderably  durable.  The  bright  red  fruit  of  the  opuntia  ox  prickly 
pear  is  an  exception  to  the  above  rule  ;  as  it  gives,  according  to 
Labat,  a  beautiful  red  dye.  The  ripe  berries  of  buckthorn  ftain 
paper  of  a  green  color.  From  thefe  is  prepared  the  fubuance 
called  Jap-green,  which  is  a  pigment  fufficiently  durable,  ibluble 
in  water,  but  not  mifcible  with  oil.  The  fame  berries  dried 
whilft  green,  and  macerated  in  alum-water,  are  faid  to  yield  a 
yellow  pigment ;  and  when  they  have  grown  ever-ripe,  a  purple 
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*FULIGINOSITY.    By  this  word  is  meant  foot,  er 

the  black  matter  which  accompanies  the  flame  of  oils  and  of 
oily  fubftances.     See  Soot. 

FUL  MI  NATION.  Fulmination  is  the  fudden  and 
violent  exploiion  and  inflammation  of  certain  bodies,  which 
are  therefore  called  fulminating.  Such  are  the  explofions  of 
fulminating  powder  and  of  fulminating  gold.  The  explo- 
fion  of  thefe  matters  is  called  fulmination,  from  the  noife 
accompanying  it,  by  which  it  refembles  thunder. 

FURNACE.  Furnaces  are  chemical  instruments  ufed 
for  containing  combuftible  matters,  by  the  burning  of  which 
the  heat  requifite  for  operations  is  procured ;  and  alfb 
for  containing  the  fubftances  themfelves  to  which  the  heat 
ought  to  be  applied. 

As  chemifts  require  for  different  operations  all  the 
poflible  degrees  of  heat,  from  the  weakeft  to  the  ftrongeft, 
and  as  the  form  of  the  furnaces  contributes  greatly,  as  we 
fhall  fee,  to  produce  the  different  degrees  of  heat ;  they 
have  contrived  many  furnaces  of  different  forms  and  con- 
ftru&ions  ;  but  all  thefe  furnaces  may  be  reduced  to  a  fmall 
number  of  general  difpofitions,  which  we  fhall  nowdefcribe. 

The  fimple  furnace  is  a  kind  of  hollow  tower,  cylindrical 
or  prifmatical,  with  two  doors  or  principal  openings  ;  the 
one  below,  called  the  door  of  the  aJh-hole\  and  the  other 
immediately  above  this,  called  the  door  of  the  fire-place.  Be- 
twixt thefe  two  doors  a  grate  is  placed  horizontally  acrofs 
the  interior  part  of  the  furnace,  dividing  the  whole  cavity 
of  the  furnace  into  two  parts  ;  the  lower  part  is  called  the 
afn-holc^  becaufe  it  receives  the  afhes  which  fall  from  the 

pigmen:.  Woollen  cloth,  prepared  with  alum  and  tartar,  re- 
ceives, on  being  boiled  with  the  berries,  a  perifhable  yellow  dye. 
The  French  berries,  or  grains  d'A-jignon,  one  of  the  moll  perifh- 
able yellow  dyes,  is  a  berry  of  the  fpecies  of  buckthorn.  It  is  faid 
that  the  berry  of  the  keliotropium  tricoccum  itains  paper  of  a  green 
color ;  and  that  this  green  is  foon  changed  ro  a  blue ;  that  the  com- 
mon blue  paper  receives  its  color  from  this  juice  ;  and  that  the  red 
rags  called  tumfol,  employed  for  coloring  wines  and  other  liquors, 
are  tinctured  by  the  fame  juice  turned  red  by  acids.  Mr.  Niflbie 
favs,  that  the  coloring  juice  is  obtained,  not  from  the  berries,  but 
from  the  tops  of  the  plant.  The  Dutch  are  faid  to  prepare  thefe 
rags  from  orher  materials,  of  which  archil  is  a  principal  one. 

The  feeds  of  fome  plants,  as  of  peeny,  are  covered  with  a  fine 
fhining  red  membrane.  The  pellicles  of  the  feeds  of  an  Ameri- 
can tree  afford  the  red  mattes  called  annotto^  orlean,  and  roucou. 
■See  Annotto. 
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fire-place,  The  door  of  the  afh-hole  gives  admittance  to 
the  air  neceflary  for  maintaining  the  fire  within  the  furnace. 
The  upper  cavity  of  the  furnace  is  called  the  fire-place% 
.becaufe  it  contains  the  combuftiblc  matters.  Through  the 
door  of  the  fire-place  frefh  fuel  is  to  be  introduced,  to 
fupply  the  place  of  what  is  confumed. 

The  fimple  furnace,  fimilar  to  that  ufed  in  kitchens,  is 
fufficient  for  many  chemical  operations.  In  the  fire-place, 
amidft  the  coals,  crucibles  may  be  placed  for  the  fufion  of 
fulible  matters  ;  fuch  as  lead,  tin,  bifmuth,  &c.  or  for 
the  calcination  of  matters  which  require  but  little  heat 
for  their  calcination  ;  fuch  as  the  alkali  for  making  Pruffian 
blue,  bezoar  mineral,  &c. 

On  this  furnace  may  alfo  be  placed  bafons  for  evapora- 
tions, alembics  for  diftilling  in  the  water-bath,  pots  filled 
with  fand  for  digeftions  and  diftillations  to  be  performed 
\>y  means  of  a  fand-bath  and  a  gentle  heat,  either  with 
alembics  or  with  retorts. 

As  feveral  of  the  operations  made  with  this  furnace  are 
of  Jong  duration,  and  as  the  furnace  requires  a  continual 
fupply  of  fuel ;  chemifts  have  contrived  to  adapt  to  it  a 
magazine  of  coals  in  form  of  a  hollow  tower,  clofed  in 
its  upper  part,  and  fo  difpofed,  that  while  the  coal  of  the 
fire-place  is  confumed,  that  of  the  tower  falls  down  and 
fupplies  its  place.  The  furnace  thus  difpofed  is  called  an 
athanor,  or  the  furnace  of  Jluggards.    See  At  ha  nor.  See 

Pi.  ATE  II.  fg.  2. 

The  lamp-furnace  is  a  kind  of  athanor,  in  which  the  heat 
is  produced  and  maintained  by  the  flame  of  a  lamp  intro- 
duced within  it.  This  furnace  has  evidently  no  occafion 
for  an  afh-hole,  a  grate,  or  a  fire-place.  It  has  only  one 
opening  below,  through  which  the  lamp  is  introduced,  and 
a  kind  of  fmall  chimney  made  in  its  upper  and  lateral  part, 
for  circulation  of  air,  to  keep  up  the  flame  of  the  lamp, 
and  to  give  vent  to  the  fmoke.  This  furnace  is  very  con- 
venient for  diftillations  which  require  little  heat.  A  water- 
bath  or  fand-bath  may  be  fitted  to  it.  It  is  particularly 
ufeful  for  digeftions. 

The  reverberatory  furnace  is  the  fimple  furnace,  the  fire- 
place of  which  is  covered  with  a  piece  of  the  fame  diameter 
and  form  as  the  furnace,  which  is  generally  cylindrical. 
This  piece  is  crofied  in  its  lower  part  by  two  bars  of  irorj 
placed  horizontally  and  parallel  to  each  other,  and  at  its 
upper  edge  it  has  a  femi-circular  cut.  This  piece  confe- 
quently  forms  a  third  cavity,  which  is  called  the  Laboratory^ 
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becaufe  it  is  intended  to  receive  the  retorts  containing  the 
matter  to  be  diftilled.  The  femi-circular  cut  is  made  to 
give  paffage  to  the  neck  of  the  retort,  which,  as  we  have 
iaid  under  the  article  Distillation,  ought  to  be  inclined 
at  an  angle  of  45  degrees.  The  ufe  of  the  two  bars  at 
the  bottom  of  the  laboratory  is  to  fupport  the  vefTel  placed 
there. 

Above  the  piece  we  have  now  defcribed  is  a  fourth  piece 
placed,  the  form  of  which  is  that  of  a  fpherical  cap,  or  of 
an  inverted  dome  ;  it  is  accordingly  called  the  dome.  This 
ctome  has  an  equal  diameter  to  the  other  piece  to  which  it 
is  to  be  fitted  j  and  in  its  lower  edge  it  has  a  femi-circular 
cut,  which  correfponds  with  the  fimilar  cut  of  the  lower 
piece ;  and  thefe  together  form  a  circular  opening :  the 
(dome  has  in  its  top  another  opening  or  fhort  tube,  through 
which  the  air  contained  in  the  furnace  pafTes,  and  is  a  kind 
of  chimney. 

The  ule  of  the  dome  is  to  keep  up  the  heat  all  around 
the  retort  which  is  placed  in  the  furnace,  and  to  apply  a 
certain  degree  of  heat  to  the  upper  part  or  vault  of  the 
jretcrt,  by  reflecting  or  reverberating  it  :  hence  it  is  called 
a  reverberatory.  By  this  difpofition  the  vapors  which  rife 
in  the  retort  are  determined  more  efficacioufly  to  pafs 
through  its  neck.  We  may  judge  after  this  description, 
that  reverberatory  furnaces  are  only  ufed  for  diftillations 
with  a  retort,  in  which  a  certain  degree  of  heat  is  neceffary. 

Difcillation  may  be  performed  in  reverberatory  furnaces, 
either  in  naked  fire,  by  placing  the  retort  immediately  upon 
the  bars,  or  in  a  fand-bath,  by  placing  upon  thefe  fame 
tars  an  iron  veflel,  in  the  upper  edge  of  which  is  a  femi- 
circuiar  cut.  into  this  iron  veflel  is  put  fine  fand  to  the 
thicknefs  of  one  or  two  fingers ;  then  the  retort  is  to  be 
placed  in  it;  and,  'laffly,  it  is  to  be  filled  with  fand  up  to 
the  arch  of  the  retort.  If  the  heat  be  required  to  be  of  a 
certain  ftrength,  the  iron  vefTel  muft  have  a  diameter  fo 
much  lefs  than  the  internal  part  of  the  furnace,  that  an 
empty  fpace  of  about  the  thicknefs  of  a  finger  mail  be  left 
betwixt  them,  excepting  on  the  fide  where  the  neck  of  the 
retort  is ;  and  there  the  hollow  cuts  of  the  furnace  and  iron 
vefTel  that  correfpond  to  each  other  ought  to  join  exactly. 
See  Plate  111  fig.  3. 

The  melting  furnace,  or  wind  furnace,  is  intended  to 
produce  the  greater!  degree  of  heat  that  can  be  excited 
without  bellows.  This  furnace  ought  to  be  fo  conftrucled^ 
that  a  current  of  air  fhali  conftantly  pafs  through  the  fire- 
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place  ;  and  the  more  ftrongly  and  rapidly  this  air  paiuss, 
the  more  intenfe  will  be  the  heat  in  the  furnace. 

The  chief  method  for  producing  this  effect  is,  to  leave  in 
the  upper  part  of  the  furnace  a  fpace  clofe  on  every  fide, 
excepting  above  and  below ;  becaule  the  air  contained  in 
this  cavity  being  rarefied  and  expelled  by  the  heat  produced 
by  the  fuel  burning  in  the  furnace,  a  vacuum  is  here 
formed,  which  the  external  air  necelfarily  tends  to  occupy 
from  its  gravity. 

This  being  eftablimed,  the  furnace  ought  evidently  to 
be  fo  difpofed  that  the  external  air  mall  be  obliged  to  enter 
at  the  afh-hole,  and  to  pafs  through  the  fire-place,  to  fill 
the  vacuum  which  is  continually  forming  both  in  the  in- 
ternal part  of  the  furnace  and  in  its  upper  cavity. 

We  ought  to  obferve,  that  the  column  of  air  which  cor- 
refponds  with  the  upper  part  of  the  furnace,  being  a 
little  fhorter,  and  consequently  lighter,  than  the  column 
which  correfponds  with  the  lower  part,  the  air  appears 
naturally  determined  to  enter  at  the  bottom,  and  to  go 
out  at  the  top  of  the  furnace  \  fo  that  if  this  furnace  was  a 
hollow  cylinder,  the  lower  and  upper  mouths  of  which 
were  equal,  and  if  the  fire-place  was  in  the  middle,  the 
air  would  probably  pafs  through  it  from  bottom  to  top;  but 
this  difference  of  the  two  columns  being  almoft  infinitely 
fmall,  the  velocity  of  the  current  of  air  would  be  as  fmall : 
but  if,  inftead  of  this  difpofition,  the  furnace  be  contracted 
in  its  upper  part,  and  if  it  be  made  to  become  a  tube  of 
lefs  diameter,  then  the  rarefied  air  is  obliged  confiderably 
to  accelerate  its  courfe  in  palling  through  a  flraiter  fpace. 
and  thereby  overcomes  more  eafily  the  preffure  of  the  Supe- 
rior air :  hence  the  air  introduced  through  the  lower  part 
of  the  furnace,  in  order  to  fill  the  vacuum  which  is  con- 
tinually forming  in  its  upper  part,  pafTes  fo  much  more 
rapidly  through  the  fire-place  as  it  finds  lefs  obftacle  above; 
and  confequently  this  difpofition  of  the  furnace  neceflarily 
determines  a  ftrong  and  rapid  current  of  air  to  pafs  through 
it,  from  the  bottom  to  the  top. 

From  what  has  been  faid  we  may  eafily  perceive,  that 
the  more  the  fpace  or  air  is  rarefied  in  the  upper  part  of 
the  melting  furnace,  the  ftronger  and  more  rapid  is  the 
external  current  of  air  which  is  obliged  to  enter  the 
furnace  to  fill  up  this  vacuum  ;  and  confequently  the  more 
intenfely  the  coals  mult  burn.  Hence  thefe  furnaces  pro- 
duce fo  much  more  heat,  as  the  tube  which  is  at  their 
upper  part,  called  the  tube  of  afpiration,  is  longer.    But  we 

mult 
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mud  obfervc,  that  although  the  activity  of  this  furnace 
is  owing  in  a  great  meafure  to  the  contraction  in  its  upper 
part  or  to  its  tube$  neverthelefs  a  too  great  contraction 
of  the  tube  would  be  very  inconvenient,  becaufe  the  air 
rarefied,  and  obliged  to  go  out  at  the  upper  part,  can  only 
acquire  a  certain  determinate  velocity :  whence  it  follows, 
that  if  this  tube,  through  which  the  rarefied  air  is  to  go 
out,  were  fo  ftrait  that  this  air  could  not  pafs,  unlefs  it 
had  a  greater  velocity  than  it  is  capable  of  acquiring, 
then  the  air,  finding  an  obftacle  in  its  way,  would  be 
retarded  in  its  progrefs ;  and  confequently  too  great  ftrait- 
nefs  in  the  tube  impedes  rather  than  facilitates  the  courfe 
of  the  air :  accordingly,  I  have  found  by  experience,  that 
a  melting  furnace  to  which  too  ftrait  a  tube,  however  long, 
has  been  adapted,  produces  little  effect:,  compared  with 
that  caufed  by  a  tube  of  fufficient  diameter. 

Hence  the  diameter  of  the  tube  muft  have  a  certain  re- 
lation to  the  capacity  of  the  furnace,  and  to  the  door  of  the 
afh-hole.  I  have  found  that  the  diameter  of  the  tube 
ought  to  be  to  the  diameter  of  the  furnace  as  2  to  3  nearly, 
particularly  when  the  tube  is  long  enough.  The  opening 
at  the  bottom  of  the  furnace  may  be  equal  in  width  to  the 
body  of  the  furnace,  or  it  may  be  contracted,  if  the  air  be 
required  to  ftrike  the  fire  with  more  force  and  rapidity. 
After  all  thefe  principles,  we  now  proceed  to  the  conftruc- 
tion  of  a  good  melting  furnace.  The  body  of  this  furnace 
does  not  differ  from  that  of  a  fimple  furnace,  except  that  it 
is,  or  may  be  open,  or  almoft  entirely  open  below,  and 
fupported  upon  feet,  or  a  kind  of  tripod,  which  ferves  as 
an  alh-hole.  An  elliptical  form  is  generally  given  to  it, 
with  intention  to  concentrate  the  heat  (h).  The  upper 
part  of  this  furnace  is  terminated  by  a  dome  higher  than 
that  of  the  reverberatory  furnace,  called  the  cap.  This  cap 
has  two  openings,  one  of  which  is  placed  laterally  and  in 
the  front;  it  ought  to  be  large,  and  to  be  capable  of  being 
clofelv  fhut  by  a  door :  the  other  is  at  the  top,  and  ought 
to  be  a  tube  of  a  convenient  diameter,  upon  which  other 
tubes  of  indeterminate  length  are  adjuited. 

(h )  The  inequality  of  the  furface  of  the  fides  of  the  furnace 
woald  prevent  any  advantage  from  the  elliptical  form,  even  if 
heat  were  fappofed  to  diffufe  itfelf,  like  light,  only  in  right  lines, 
and  to  be  thereby  capable  of  concentration  by  rejection  ;  a  fup- 
pcfition,  however,  which  is  net  proved. 

This 


FURNACE 

This  furnace  has  no  laboratory,  or  rather  its  laboratory 
is  the  fire-place  itfelf ;  for  the  matters  to  which  the  heat 
is  to  be  applied  are  placed  in  the  fire-place,  and  furrounded 
by  the  burning  coals. 

The  melting  furnace  may  have  a  door  to  the  fire-place  ; 
but  this  door  ought  to  be  kept  fhut  during  the  operations. 
It  only  ferves  for  the  more  convenient  examination  of  the 
condition  of  the  crucibles  or  other  matters  placed  in  the 
furnace,  and  not  for  the  introduction  of  frefh  fuel,  for 
which  purpofe  the  door  of  the  cap  is  intended.  This 
latter  door  ought  to  be  very  large,  that  a  confiderable 
quantity  of  coal  may  be  thrown  in  at  once.  The  realbn 
why  this  door  is  preferable  to  the  door  of  the  fire-place 
for  the  introduction  of  the  fuel  is,  that  the  current  of  air 
may  not  be  difturbed  in  its  direction ;  and  therefore  the 
lateral  door  ought  to  be  kept  open  as  little  as  poflible. 

When  the  internal  diameter  of  fuch  a  furnace  is  12  or 
15  inches,  when  the  diameter  of  the  tube  is  8  or  9  inches, 
and  its  height  18  or  20  feet,  and  when  the  furnace  is  well 
fupplied  with  fuel,  an  extreme  heat  is  produced  :  in  lefs. 
than  an  hour  the  fire  will  be  white  and  dazzling,  like  the 
fun  ;  its  heat  will  be  equal  to  the  ftrongeft  degree  of  heat  in 
a  glafs-houfe  furnace.  In  lefs  than  two  hours  may  be  melted 
whatever  is  fufible  in  furnaces  (i).  The  hotteft  part  of 
this  furnace  is  4  or  6  inches  above  the  grate. 

Chemifts  generally  believe  that  the  power  of  a  melting- 
furnace  is  greatly  increafed  by  a  wide  and  high  afh-hoie, 
or  by  bringing  the  air  which  is  to  enter  it  through  a  lorjg 
pipe  from  without  the  houfe  in  which  the  furnace  {rands ; 
but  thefe  advantages  are  either  imaginary,  or  only  relative 
to  the  vacuum  formed  in  the  upper  part  of  the  furnace.  IF 
indeed  a  furnace  be  fo  placed  that  the  opening  of  its  afh- 
hole  fhall  be  fitted  to  the  mouth  of  a  great  cavity ;  as  to  a 
cave,  for  inlfance,  in  the  roof  of  which  a  hole  is  made,, 
into  which  this  furnace  is  to  be  fitted  -t  and  if  this  cave  has 
no  other  opening  than  through  the  bottom  of  the  furnace  -y 
then  a  very  frrong  current  of  air  will  pafs  from  the  cave 
acrofs  the  furnace,  although  the  furnace  had  neither  cap 

(i)  Moft  fufible  fubftances  may  be  fufed  in  a  much  lefs  time  ; 
neverthelefs  we  find  from  M.  D'Arcet's  Memoir  concerning  the 
effects  of  a  violent  and  long-continued  heat,  that  by  prolonging 
the  action  of  fire,  he  had  been  able  to  vitrify  fubftances  which 
had  refilled  the  moft  violent  fires  continued  only  during  a  fhoiter 
time. 
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nor  tube  :  but  we  muft  obferve,  that  this  current  of  air  will 
always  be  ftronger  if  the  furnace  is  provided  with  a  dome 
and  tube ;  and  fecondly,  if  the  air  be  determined  to  pafs 
from  the  cave  acrofs  the  furnace,  even  without  dome  or 
tube,  this  mult  proceed  only  from  the  heat  of  the  furnace 
rarefying  the  ambient  air,  by  which  the  more  condenfed  air 
of  the  cave  is  determined  to  pafs  through  the  furnace  to 
fupply  the  place  of  this  rarefied  air.  In  this  cafe,  the 
chamber  in  which  the  furnace  is  placed  ferves  inftead  of 
the  dome  and  tube.  This  happens  in  a  glafs-houfe  furnace. 
Thefe  furnaces  are  built  upon  fubterranean  vaults,  which 
ferve  as  afh-holes.  The  internal  capacity  of  thefe  furnaces 
is  very  great,  and  is  occupied  only  partly  by  the  com- 
buftible  matters,  and  by  the  pots  containing  the  glafs : 
hence  the  air  of  the  am-hole  is  continually  introduced  there 
to  fill  this  empty  fpace :  befides,  the  heat  is  always  very 
great  in  the  domes  under  which  the  furnaces  are  built ; 
the  contained  air  is  therefore  continually  rarefied  ;  fo  that 
they  ferve  as  the  domes  and  tubes  of  furnaces  to  draw  the 
air  from  the  vaults. 

The  pipe  which  is  fometimes  fitted  to  the  am-hole  of 
Kaelting  furnaces  does  not  contribute  to  the  draught  of  the 
furnace,  excepting  the  laboratory  in  which  the  furnace 
ftands  be  fmall  and  confined  :  for  then  the  air  of  this  labo- 
ratory, being  foon  heated  and  rarefied,  becomes  lefs  proper 
for  exciting  fire  than  the  colder  external  air  which  the 
pipe  fupplies.    See  Plate  II.  Jig.  4.  5.  6.  7.  .8.  &  Jig.  18. 

The  furnace  called  the  ejjay  or  cupelling  furnace  is  of  a 
prifmatic  quadrangular  figure,  and  is  chiefly  ufed  to  make 
e flays  of  the  value  of  filver,  or  of  filver  ores.  This  furnace  is 
compofed  of  an  am-hole,  a  fire-place,  and  an  upper  part 
which  terminates  it  above,  like  a  quadrangular  truncated 
pyramid.  The  fire-place  and  afh-hole  are  not,  properly 
lpeaking,  feparated  from  each  other,  becaufe  this  furnace 
has  no  grate ;  hence  the  coals  in  this  furnace  fall  to  the 
bottom  :  in  the  lower  part  of  the  furnace  are  three  fmall 
doors,  two  in  the  fides,  and  one  in  the  front :  above  this 
latter  door  is  a  fourth  door,  placed  like  that  of  the  fire-place 
of  a  iimple  furnace ;  and  at  the  bottom  of  this  door  are 
two  iron  bars,  placed  within  the  furnace  horizontally  and 
parallel  to  each  other.  Thefe  bars  are  intended  to  fupport 
a  mufile,  the  mouth  of  which  correfponds  exactly  to  the 
lair,  mentioned  door.  In  this  muffle  the  cupels  and  vefiels 
capable  of  containing  the  matter  to  be  heated  are  to  be 
placed. 

The 
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The  top  of  this  furnace  is  truncated,  and  forms  a  pretty 
large  aperture,  through  which  the  fuel  is  to  be  introduced. 
Some  of  thefe  furnaces  have  a  fmall  hole  in  the  front  of 
this  upper  part,  through  which  an  iron  rod  is  introduced 
to  pufh  the  coals  down,  and  which  alfo  ferves  to  ihew 
the  ftate  of  the  fire.  In  fome  of  thefe  furnaces  the  upper 
part  is  terminated  by  a  fhort  tube*  which  on  fome  occa- 
sions is  convenient;  for  although  the  internal  capacity  of 
this  fu  rnace,  including  its  upper  part,  makes  a  Sufficient 
draught  for  thefe  operations,  a  greater  heat  may  pofubly 
be  required,  and  this  is  effe£ted  by  adapting  a  tube  to  this 
furnace.    See  Essays,  and  Plate  II.  fig.  I. 

Some  operations,  which  muft  be  made  either  in  a  muffls 
or  in  a  rever  beratory  furnace,  require  the  ftrongeft  melting 
heat.  The  diftillation  of  Kunckel's  phofphorus,  for  in- 
ftance,  requires  a  heat  much  fuperior  to  that  of  ordinary 
diftillations.  EfTays  alfo  of  porcelain  and  vitrification,  which 
ought  to  be  done  very  cleanly,  and  therefore  under  a  mufHe, 
require  a  very  violent  heat,  which  cannot  be  procured  in  an 
ordinary  elfay  f  urnace.  In  thefe  cafes  a  tube  may  be  fitted 
to  the  diftilling  or  to  the  erTay-furnaces,  like  that  of  the 
melting  furnace  ;  and  thus  as  ftrong  a  heat  as  is  wanted 
maybe  procured.  See  Phosphorus,  Porcelain,  Vitri- 
fication. (I). 

Chemifts  have  contrived  many  other  furnaces,  and  fome 
very  complicated,  for  particular  purpofes  \  but  they  are 
moftly  embarraffing,  ill-contrived,  and  even  ufelefs  :  for 
by  the  furnaces  above  defcribed  an  able  operator  may  per- 
form perfectly  well  every  chemical  operation. 

All  thefe  furnaces  may  be  either  portable,  and  compofed 
of  baked  earth  hooped  with  iron  rings,  or  covered  with 
iron  plates,  if  they  are  intended  to  be  more  durable ;  or 
they  may  be  fixed  and  ftationary,  and  made  of  bricks 
and  tiles.  This  depends  on  the  fize  and  difpofition  of  the 
laboratory. 

The  matter  of  all  chemical  furnaces  is  always  a  clay, 
which  ought  to  be  of  a  good  quality.  Common  clays  do 
well  enough  for  furnaces  that  are  not  intended  to  fuftain 
very  violent  heats,  by  which  furnaces  are  apt  to  be  cracked 

d  deftroyed,  even  before  the  operation  is  finimed,  unlefs 

(I)  Set  Plate  II.  where  feveral  furnaces  are  reprefented, 
and  the  defcriptions  annexed  ;  in  which  the  proper  compel: tiers 
for  lining  the  infides  of  furnaces  made  of  placed  iron ,  and  the 
methods  of  applying  them,  are  related 
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they  are  made  of  the  moft  pure  and  refractory  clay.  See- 
the clays  mojl  proper  for  this  purpofe  under  the  article  Clay. 

In  thefe  furnaces  no  iron  bars  or  fupports  ought  to  be 
ufed,  as  that  metal  is  very  quickly  melted,  calcined,  and 
deftroyed.  All  the  fupports  within  thefe  kinds  of  furnaces 
ought  to  be  of  the  fame  clay  of  which  the  furnace  confifts. 
As  the  heat  is  much  lefs  in  the  tube  than  in  the  body  of  the 
furnace,  this  tube  is  frequently  made  of  iron  plates,  ex- 
cepting its  lower  part,  which  ought  always  to  be  made  of 
clay.  Thefe  tubes  of  iron  plate  have  many  advantages, 
as  they  are  light  and  manageable ;  but  they  have  a  great 
inconvenience,  which  is,  that  their  inner  furfaces  are  fub- 
jrcr.  to  calcine  ;  hence  when  much  flame  panes  through 
them,  fcales  fly  off"  from  the  iron  with  noife  j  which  falling 
I'pon  the  crucibles  and  muffles,  diipofe  them  to  vitrify, 
becaufe  iron  is  a  powerful  flux  to  clay.  The  whole  tube 
cuo-ht  therefore  to  be  made  of  clay. 

Whe  n  the  tube  is  long,  it  ought  to  be  flrengthened  by 
iron  rino;s  and  hooks;  but  thefe  ought  to  be  fo  arranged 
that  the  tube  may  be  lengthened  and  fhortened,  according 
as  the  greater  or  lefs  heat  may  difpofe  it ;  otherwife  it  might 
crack. 

The  furnaces  described  in  this  article  are  employed,  and 
are  neeeffary,  for  the  feveral  operations  of  chemiftry.  Many 
of  them  are  alfo  ufed  in  the  art?,  in  manufactures,  and  in 
works  in  the  great:  fuch  are  the  furnaces  for  glafs,  pot- 
tery, porcelain,  and  for  fmelting  of  ores.  What  is  peculiar 
to  any  of  thefe  furnaces  may  be  found  under  the  article  of 
the  art  in  which  it  is  employed.  In  other  refpects  their 
itruclure  is  conformable  to  the  general  principles  eflablifhed 
in  the  prefent  article. 

FUSIBILITY.  Fufibmty  is  a  quality  which  renders 
bodies  f  feeptible  of  becoming  fluid,  when  expofed  to  a 
ce-tain  decree  of  heat.  Fufibility  is  the  reverfe  of  the 
refractory  quality  ;  fo  that  the  lefs  the  heat  is  which  is 
n  q  »ifite  for  the  fufton  of  any  fubftance,  the  more  fufible 
it  is.  m 

Bodies  differ  much  from  each  other  as  to  their  degrees  of 
futility.  Some  of  them,  as  air  and  mercury,  are  fo 
fufibh  that  the  h~at  of  the  atmoiphere  is  always  fufficient 
to  k:ep  them  fluid  :  others,  as  fome  oils  and  water,  which 
are  naturally  folid  with  the  degree  of  cold  marked  o  in 
Reaumur's  thermometer,  are  prefently  melted  when  they 
are  expofed  to  a  greater  heat  :  other  fubftances  again,  as 
lead,  tin,  bifjnuth,  &c.  are  habitually  folid  in  the  greateft 

natural 


FUSION 

natural  heats;  but  are  fufible  with  a  degree  of  heat  lefs 
than  is  requisite  to  make  then* red:  and  laftly,  others  are 
Opt  fufible  till  they  become  red,  and  even  white,  by  heat : 
filch  are  filver,  gold,  copper,  iron,  glafs,  &c. 

As  the  fufion  of  a  body  is  caufed  by  the  interpofition  of 
fire  betwixt  its  integrant  parts,  by  which  their  adhefion  is 
deftroyed,  we  cannot  conceive  any  other  caufe  of  the 
greater  or  lefs  fufibility  than  a  more  or  lefs  intimate 
contact,  and  a  more  or  lefs  ftrong  adhefion  of  the  integrant 
parts  of  different  bodies  ;  which  are  cfifpofitions  depend- 
ing on  the  figure  of  thefe  parts.  See  Hardness  and  Flui- 
dity. 

FUSION.  Fufion  is  the  ftate  of  a  body  rendered  fluid 
by  fire.    See  Fluidity  and  Fusibility. 
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